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TO 
DAVID    FERRIER 

A  PIONEER  IN  THE  PHYSIOLOGY  OF  THE  NERVOUS 
SYSTEM,  WHOSE  CAREFUL  EXPERIMENTS,  ACCURATE 
OBSERVATIONS,  AND  SOUND  DEDUCTIONS  RENDER 
HIS  WORK  A  GUIDE  AND  INSPIRATION  FOR  STUDENTS 
OF    GENERATIONS    TO    COME 


PREFACE 


Six  years  ago  the  author  undertook  to  write  an  arti- 
cle on  the  etiology  of  seasickness.  Not  satisfied  with  a 
mere  expression  of  views  without  appeal  to  experimental 
fact,  and  believing  that  the  semicircular  canals  were  in 
some  way  involved  in  the  causation  of  the  malady,  he 
undertook  of  his  own  suggestion  and  forethought,  a  series 
of  experiments  using  rotations,  aural  irrigations,  stimula- 
tion of  the  retina  by  strong  light,  galvanism  applied  to 
the  mastoid  areas,  etc.,  to  determine  whether  by  such 
means  phenomena  resembling  those  of  seasickness  could 
be  experimentally  reproduced.  The  results  of  his  earliest 
experiments  fulfilled  his  expectations  to  such  an  extent, 
that  he  proceeded  to  a  thorough  study  of  the  semicircular 
canals,  as  affected  by  rotations,  aural  irrigations  and  gal- 
vanism. 

The  phenomena  of  nystagmus  and  the  displacements 
of  the  head  that  occur  in  rotations,  aural  irrigations,  and 
galvanism  applied  to  the  mastoid  areas,  were  observed  by 
him  independently  and  the  mechanisms  involved  in  their 
production  studied  and  worked  out  before  he  had  any 
information  of  the  work  done  by  Barany,  Neumann  and 
others.  He  makes  therefore,  no  pretensions  for  this  part 
of  his  work  on  the  score  of  priority  in  time,  but  submits 
it  to  the  profession  in  the  hope  that  the  work  will  speak 
for  itself. 

Armed  with  the  knowledge  and  experience  gained  from 
a  thorough  study  of  the  sickness  produced  by  rotations, 
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aural  irrigations,  etc.,  he  next  proceeded  to  the  experi- 
mental study  of  seasickness,  the  results  of  which  are  de- 
tailed in  Part  III. 

Although  numerous  volumes  were  consulted  the  author 
owes  special  acknowledgment  to  the  works  of  Ferrier, 
Sherrington,  Piersol,  Risien-Russell,  and  Ewald.  The 
description  of  the  labyrinth  and  of  the  eighth  nerve  is 
taken  mainly  from  PiersoPs  Human  Anatomy. 

The  author  wishes  to  thank  Dr.  Bailey  and  Messrs. 
William  Wood  &  Co.  for  permission  to  reproduce  three 
figures  from  Dr.  Bailey's  work  on  Histology.  He  also 
wishes  to  thank  his  friend  Mr.  Hugh  J.  Smith  for  the 
patience  and  fortitude  with  which  he  submitted  to  the 
various  tests,  as  well  as  for  the  intelligent  assistance 
given  in  describing  the  subjective  phenomena. 

The  author  has  always  been  an  acute  sufferer  from  sea- 
sickness, and  the  time  and  labour  devoted  to  these  inves- 
tigations, which  were  conducted  in  private,  he  considers 
well  spent  if  his  efforts  tend  to  a  better  understanding  of 
this  distressing  malady,  with  consequent  alleviation  of 
unspeakable  human  misery. 

J.  Byrne. 

29  West  61st  Street,  New  YorK  City, 
January,  1912. 
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PART  I 

GENERAL  ANATOMICAL  AND  PHYSIOLOGI- 
CAL CONSIDERATIONS 


CHAPTER  I 

^  THE  LABYRmTH 
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CHAPTER  I 

ANATOMY  OP  THE  LABYRINTH 

The  long  axis  of  the  internal  ear  measures  about  20 
mm,    and   corresponds  with  that  of  the   petrous   bone. 
The  cavity  of  the  bony  hil>yrinth  is  divided  into  an  ante- 
rior portion,  the  c^xihlea,  a  middle  portion,  the  vestibule, 
L^and  a  jMisterior   portion,  the  semicircular  canals.      The 
fcvestibiile   is   an   irregidarly  elliptical  cavity  measuring 
^^alx>ut  6  mm  fn;)ra  before  backward,  the  same  from  alxive 
downward,   and   alxint  8 — 4  mm  from   ivithout  inward. 
The  outer  wall  constitutes  that  part  of  the  irmer  widl  of 
the  tympanic  cavity  in  which  the  oval  window  is  situated. 
The  medial  or  inner  wall  is  directed  t(jward  the  bottom  of 
1      the  internal  auditoiy  canal,  and  has  t^^o  depressions  eepa- 
|ftrat<id  by  a  ridge — the  crista  vest ibuli,  the  upper  pointed 
^knd   of   which   forms   the   pymmidalis   vestibuli.      The 
^fcnterior,  the  smaller  of  these  depressions,  is  the  spherical 
^Becess  and  lodges  the  saccule.     In  the  lower  part  of  this 
^Hosaa  a  nmnber  of  perforations  (about  a  dozen)  mark  the 
^^nacula  cribosa  media,  througli  winch  pa«s,  from  the  lx»t- 
tom  of  the  internal  auditoiy  canal,  the  branches  of  the 
re.stibular   nen^e   to   the  saccule.     The   posterior,  larger 
pression,  is  the  elliptical  recess,  which  lodges  the  utricle, 
iiind  the  lower  part  of  the  spherical  recess  the  crista 
bull  divides   intfO  two  limbs,  betwe<3n  which  is  the 
?cessus  cochlear  is,   which  lodges  the  beginning  of  the 
luctus  cochlearis^  and  is  pierced  by  a  number  of  small 
?nings  for  passage  of  the  nerve  filaments  to  this  duct. 
openings  in  the   crista  vest  ibuli  and  the  elliptical 
iS  collectively  form  the  macula  crihrosa  superior,  and 
jmit  branches  of  the  vestibidar  nerve  to  the  utricle 
to  the  ampullae  of  the  superior  and  horizontal  serai- 
.r  canals.     Below  and  behind  the  recessus  ellipticus 
les  a  groove,  the  fossa  sulci  form  is,  which  deepens  pos- 
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CHAPTER  I 

ANATOMY  OF  THE  LABYRINTH 

The  long  axis  of  the  internal  ear  measures  about  20 
mm,  and  corresponds  with  that  of  the  petrous  bone. 
The  cavity  of  the  bony  labyrinth  is  divided  into  an  ante- 
rior portion,  the  cochlea,  a  middle  portion,  the  vestibule, 
and  a  posterior  portion,  the  semicircular  canals.  The 
vestibule  is  an  irregularly  elliptical  cavity  measuring 
about  5  mm  from  before  backward,  the  same  from  above 
downward,  and  about  3 — 4  mm  from  without  inward. 
The  outer  wall  constitutes  that  part  of  the  inner  wall  of 
the  tympanic  cavity  in  which  the  oval  window  is  situated. 
The  medial  or  inner  wall  is  directed  toward  the  bottom  of 
the  internal  auditory  canal,  and  has  two  depressions  sepa- 
rated by  a  ridge — ^the  crista  vestibuli,  the  upper  pointed 
end  of  which  forms  the  pyramidalis  vestibuli.  The 
anterior,  the  smaller  of  these  depressions,  is  the  spherical 
recess  and  lodges  the  saccide.  In  the  lower  part  of  this 
fossa  a  number  of  perforations  (about  a  dozen)  mark  the 
macula  cribosa  media,  through  which  pass,  from  the  bot- 
tom of  the  internal  auditory  canal,  the  branches  of  the 
vestibular  nerve  to  the  saccule.  The  posterior,  larger 
depression,  is  the  elliptical  recess,  which  lodges  the  utricle. 
Behind  the  lower  part  of  the  spherical  recess  the  crista 
vestibuli  divides  into  two  limbs,  between  which  is  the 
recessus  cochlearis,  which  lodges  the  beginning  of  the 
ductus  cochlearis,  and  is  pierced  by  a  number  of  small 
openings  for  passage  of  the  nerve  filaments  to  this  duct. 
The  openings  in  the  crista  vestibuli  and  the  elliptical 
recess  collectively  form  the  macula  cribrosa  superior,  and 
transmit  branches  of  the  vestibular  nerve  to  the  utricle 
and  to  the  ampullae  of  the  superior  and  horizontal  semi- 
circular canals.  Below  and  behind  the  recessus  ellipticus 
lies  a  groove,  the  fossa  sulciformis,  which  deepens  pos- 
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CHAPTER  I 

ANATOMY   OP  THE  LABYRINTH 

The  long  axis  of  the  internal  ear  measures  about  20 
mm,    and   corrosponda  with  that  of  the   petrous   bone. 
The  cavity  of  the  bony  labyrinth  is  divided  into  an  ante* 
rior  ];>ortion,  the  cochlea,  a  middle  portionj  the  vestibule, 
and  a  posterior  portion,  the  semicircular  canals*      The 
estibule   is   an    irregidarly  elliptical  cavity  measuring 
ab(mt  5  mm  from  before  backward,  the  same  from  above 
downward,   and  about  8 — 4  mm  from   without  inward. 
The  outer  wall  constitutes  that  part  of  the  inner  wall  of 
the  tympimic  cavity  in  wdiich  the  oval  window  is  situated. 
The  rnediiil  or  inner  wall  is  directed  toward  the  bottom  of 
the  intcemal  auditory  canal,  and  has  two  depressions  sepa- 
rated by  a  ridge — the  crista  vestibuli,  the  upper  pointed 
end   of  which    forme   the   pyramidal  is   vestibuli.      The 
anterior,  the  smaller  of  these  depressions,  is  the  spherical 
recess  and  lodges  the  saccule.     In  the  lower  part  of  this 
"osaa  a  number  of  p(3rf orations  (al>aut  a  dozen)  mark  the 
macula  cribosa  media,  through  which  pass,  from  the  lx>t- 
tom  of  the  intenial  auditory  canal,  tlie  branches  of  the 
vestibular   nerve   to   the  saccule.     The   pisterior,  larger 
depression,  is  the  elliptical  recess,  which  lodges  the  utricle, 
hind  the  lower  part  of  the  spherical  recess  the  crista 
^stiliuli  divides   into  two  liiriljs,  betr^veen  which  is  the 
cosBUs  cochlearis,   which  lodges  the  beginning  of  the 
uctus  cochlearis,  and  is  pierced  by  a  number  of  small 
penings  for  passage  of  the  nerve  fdaments  to  this  duct, 
openings  in  the  crista  vestibuli  and  the  elliptical 
ess  collectively  form  the  macula  crihrrjsa  superior,  and 
msmit  branches  of  the  vpstibular  nerve  to  the  utricle 
to  tlie  ampidlte  of  the  superior  and  horizontal  eemi- 
ircular  canals.     Below^  and  behind  the  recessusellipticus 
es  a  groove,  the  fossa  sulci  formis,  which  deepens  pog- 
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The  long  axis  of  the  internal  ear  measures  about  20 
mm,    and   corresponds  with  that  of  the   petrous   hone. 
The  cavity  of  the  bony  labjTinth  is  divided  into  an  ante- 
rior portion,  the  cochlea,  a  middle  portion,  the  vestibule, 
and  a  posterior   portion,   the  semicircular  canals.      The 
estibule   is   an   irregularly  elliptical   cavity  nieaauring 
about  5  mm  fn>m  before  backward,  t}ie  same  from  above 
downward,   and   about  3 — 4  mm  from   without  inward. 
The  outer  wall  constitutes  that  part  of  the  inner  wall  of 
the  tympanic  cavity  in  which  the  oval  window  is  eituated. 
The  medial  or  inner  wall  is  directed  toward  the  bottom  of 
the  internal  auditory  can/dj  and  has  two  depressions  sepa- 
ted  by  a  ridge^ — ^the  crista  vestibuli,  the  upper  pointed 
of   which    forms  the   pyramidal  is   vestibuli.      The 
anterior,  the  smaller  of  these  depressions,  is  tlie  spherical 
recess  and  lodges  the  saccule.     In  the  lower  part  of  this 
lossa  a  number  of  perforatiims  (about  a  dozen)  mark  the 
TDacrUa  cribosa  media,  through  which  pass,  from  the  bot- 
tom of  the  inteiTLtd  auditory  canal»  the  branches  of  the 
estibular   nerve   to  the  saccule.     Tlie   posterior,  larger 
eprpssion,  is  the  elliptical  recess,  which  lodges  the  utricle. 
I'hind  the  lower  part  of  the  spherical  recess  the  crista 
}stibidi  divides   into  two  liuibs,  betwf^m  which  ia  the 
cessus  coclilearis,   which  lodges  the  begirming  of  the 
uctus  cochlearis,  and  is  pierced  l>y  a  number  of  small 
penings  for  passage  of  the  nerve  filmueuts  to  this  duct- 
he  openings  in  the   crista  vestibuli  and  the  elliptical 
recess  collectively  form  the  macula  cribroaa  superior,  and 
ansmit  brandies  of  the  vestibidar  nerve  to  the  utricle 
d  to  the  ampullae  of  the  superior  and  horizontal  seml- 
rcular  canals.     Below  and  behind  the  recessua  eliipticus 
es  a  groove,  the  fossa  sulciformis,  which  deepens  pos- 
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teriorly  into  a  very  small  canal— thf?  aqtiEeductus  vesti- 
bull,  and  mns  in  a  slightly  curved  course  to  the  posterior 
surface  of  the  petrous  bone,  where  it  ends  in  a  alitlike 
opening— the  apertura  externa  aqute ductus  vestibuli,  situ- 
ated between  the  internal  opening  of  the  internal  auditory 
canal  and  the  gnxjve  for  the  lateml  sinua.  The  canal 
transmits  the  ductus  endolymphaticus  and  a  small  vein. 
The  antCTior  wall  of  the  vestibule  is  pierced  by  the  large 
opening  leading  into  the  eciila  vestibuli  of  the  cochlea. 
Near  this  oi>ening  is  seen  the  beginning  of  the  lamina 
Bpiralis  ossea,  which  lies  on  the  fl4>or  of  the  vestibule  be- 
low the  oval  window-  Posteriorly  the  vestibule  communi- 
cates with  the  soiuicircular  cfmids  by  five  snmll  openings. 

The  Bemicircular  canals  are  three  small  bony  tuljcs,  of 
a  shape  indicat^ed  by  their  name.  They  constitute  the 
post(?rior  division  of  the  bony  lab>Tinth.  The  direction 
of  etich  canal  corresponds  roughly  with  one  of  the  funda- 
mental planes  of  the  liody,  viz.,  the  superior  canal  c^irre- 
Bixfnds  with  tlie  coronal  or  frontal,  the  poj^terior  with  the 
sagittfU,  and  the  horizontal  with  the  transverse.  The 
piano  of  their  direction  is  such  that  each  canal  is  at  right 
angles  to  the  direction  of  each  of  its  fellows.  At  one  end 
of  each  ciinal  there  is  a  dilated  portion— the  ampulla. 
The  superior  canal  lies  farthest  front,  and  in  nearly  a  ver- 
tical plane  at  right  angles  to  the  long  axis  of  the  petrous 
bone.  The  phme  of  the  posterior,  which  is  the  longest  of 
the  canals,  is  approximately  parallel  to  the  long  axis  of 
the  jietrous  bone.  The  externa!  port.ion  of  the  horizontal 
semicircular  canal  forma  a  prominence  in  the  inner  wall 
of  the  middle  ear,  behind  tlie  facial  canal,  while  the 
upjier  part  of  the  8Ui)ertor  eemicircular  canal  produces  a 
consijicutnis  elevation — the  eminentia  arcuata,  seen  on 
the  superior  surface  of  the  petrous  bone.  The  canals 
oi^m  into  the  por^terior  part  of  the  vestibule  by  five  ojien- 
ings,  the  undilated  ends  of  the  superior  and  posterior 
canals  uniting  to  fomi  a  common  trunk,  the  cms  com- 
mune. The  lioriKontal  canal  alone  has  two  distinct  ojjcn- 
ings  into  the  vestibule.  Its  ampulla  is  at  its  outer  end, 
and  lies  at  the  upper  paii  of  tlie  vestibule,  ab<3ve  the  oval 
window,  from  which  it  is  separated  by  a  groove  corre- 
sponding with  the  facial  canal. 

The  ampul iary  end  of  the  posterior  canal  lies  on  the 


floor  of  the  vestibule,  near  the  opening  of  the  undilated 
end  of  the  horizontal  canal  and  that  of  the  canalis  com- 
munis. The  ampulla  of  the  superior  canal  lies  in  the 
vicinity  of  the  ampulla  of  the  horizontal  canal,  but  is 
situated  somewhat  mesial  to  it.  This  is  an  important 
relation  in  view  of  the  fact  that  stimuli  by  means  of  irri- 
gations in  the  external  auditory  canal,  or  by  means  of 
galvanism  over  the  mastoid  area,  uenally  affect  the  am- 
pulla of  the  horizontal  canal  only;  but  if  thermic  irrita- 
tion be  long  continued,  or  if  there  Ije  structural  changes 
due  to  long-continued  digease  of  the  middle  ear,  pheno- 
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The  Bony  Labyrinth. 

{From  "  HiMtotoffV,"  by  Dr.  Bailey. 
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mena  indicating  irritation  of  the  ampulla  of  the  superior 
canal  may  appear  simulUineously  with  those  from  irrito- 
tion  of  the  ampulla  of  the  horizontal  canal,  or  may  even 
be  present  to  tlio  exclusion  of  the  latter.  In  the  wall  of 
the  ampulla  of  the  posterior  canal  a  number  of  small 
openings  constituting  the  macula  cribrosa  inferior  provide 
for  entrance  of  the  Bpecial  branch  of  the  vestibular  nerve, 
destined  for  this  canaL  Sappey  *  states  that  the  superior 
canal  bends  somewhat  up<>n  itself,  so  that  the  anterior 

i external)  half  inclines  a  little  inward  (eit  dedans) ^  and 
iie  posterior  (internal)  half  inclines  a  little  outward  (^en 
dehors).  Poirier  and  CharjDy^  follow  Sappey^s  descrip- 
tion, which  is  undoubtedly  accurate. 
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Tlie  membranous  labyrinth  lies  within  the  bony  laby- 
rinth, and  resembles  it  in  general  form.  This  agreement^ 
is  least  marked  in  tlie  vestibule,  since  here  the  Ixjny  caj 
Bule  is  occupied  by  two  comi>artmente  of  the  menibmnous 
sac — the  utricle  and  saccule.  The  uiembranoua  labyrinth 
coniprisew : 

1.  The  utricle  and  saccule,  which,  with  the  ductoa 
endolpiiphaticus,  lie  within  the  vestibule. 

2.  The  thn*e  membnmous,  semicircular  canals,  which 
lie  within  the  Ixmy  canals. 

H.  The  nienibnmous  cochlea  enclosed  within  the  bony 
cm^ilea. 

The  membranous  labyrinth  is  attached  esp^Tially  at 
certain  phKvs  by  cunuRctive  tissue  to  the  inner  wall  of 
the  lM>ny  capsule.  The  sj-wice  Ijetween  tlie  memltranoiis 
and  bony  labyrintlis — largest  in  tlie  scala  tympani  and 
scala  vestibuli  of  the  cochlea  and  in  tlievestiliule — consti- 
tutes the  spatium  perilymphaticum,  andcontiiins  a  modi- 
fied lymphatic  fluid,  the  perilymph.  The  Huid  which 
fills  the  interior  of  the  membninous  labyrintli  is  called 
the  endolymphj  and  can  pass  from  one  part  of  the  laby- 
rinth to  anothr.Tj  although  the  saccule  and  utricle  are  only 
indirectly  connected  through  a  narrow  channel — tlie  duc- 
tus endolymphaticus.  The  utricle  occupit'S  tlie  recessus 
ellipticus  in  the  upper  and  back  part,  of  tlie  vestibule. 
Larger  than  the  saccule,  it  connuunioates  with  the  three 
membranous  semicircular  canals,  It  is  attached  to  the 
upper  and  inner  walls  of  the  vestibide  by  connective  tis- 
sue. It  extends  frtmi  the  roof  of  the  vestibule  backward 
and  doivnward  to  the  opening  of  the  posterior  ampulla 
(5.5  to  G  mm). 

The  utricle  has  three  subdivisions,  the  uppermost  a 
blind  sac  {^  to  8,5  mm  in  lengtb  and  breadth),  called  the 
recessus  utriculi,  whilst  the  two  lower  divisions  form  the 
utri cuius  proprius,  which  measures  8  mm  by  1.5  U)  2  mm. 
The  lower  2:>ait  of  tlie  utricle  proper  is  prolonged  into  tlie 
tul)e-shaped  sinua  posterior,  which  connects  the  ampulla 
of  iM>8terior  canal  with  the  utricle. 

The  ojx:*ni ngs  of  the  semicircular  canals  int/)  the 
utricle  are  as  folluws:  (a)  Into  the  rcces.sus  utriculi:  the 
ampullic  of  the  sufwrior  and  horizontal  canals,  (b)  Into 
the  utriculus  proprius: 
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1.  The  siTius  superior,  which  lifis  within  the  cms  com- 
mune, and  receives  in  turn  the  non-ampullated  ends  of 
the  superior  and  postf^rior  canals. 

2.  Tho  non-ampullated  end  of  the  horizontal  canah 

8.  The  ampulla  of  the  posterior  canal  through  the 
sinus  posterior. 

On  the  antero-lateral  wall  of  the  recessus  utrieuli  is 
placed  the  macula  acustica  of  the  utricle,  whilst  from  its 
antero-inesial  wall  springs  the  canal  is  utriculo-saccularis, 
the  small  canal  frora  the  utricle  that  joins  a  still  smaller 
passage  from  the  saccule  to  form  the  ductus  endolym- 
phaticus. 

The  saccule  is  an  irregularly  oval  compartment,  aljout 
3  by  2  mni>  occupying  the  recessus  spha^ricua  in  the 
lower  and  anterior  part  of  the  veatihule,  to  which  it  is 
attached  by  connective  tissue.  It  is  somewhat  flattened 
laterally,  and  at  its  lower  end  gradually  narrows  into  a 
passage— the  canalis  reuniena,  which  connects  the  saccule 
with  the  ductus  cochlearis.  Its  upper  end  bulges  back- 
ward, forming  the  sinus  utricularis,  tho  wall  of  which 
comes  in  contact  with  that  of  tlio  utricle.  The  small 
canal  that  helps  to  form  the  ductus  endolymphaticua 
springs  from  the  postf^rior  wall  of  the  saccule.  The  duc- 
tus endolyniphaticus  passes  through  tlie  aqua^ductus  vea- 
tibuli  to  end  in  a  blind  dilal-ed  extreniity,  the  saccua 
endol^Tiiphaticus,  lying  between  the  layers  of  the  dura 
mater  below  the  oix'ning  of  the  aqueduct.  Through  o|}on- 
ings  ia  the  recessuB  splitcricus  branches  of  the  vestibular 
nerve  enter  and  pass  to  the  macula  acustica  sacculi  on  the 
anterior  wall  of  the  saccule.  The  canal  is  reimien.s  is  the 
Y(*Ty  small  tube  pa.sBing  from  the  lower  part  of  the  saccule 
into  the  upper  wall  of  the  cix-hlear  duct,  near  the  cicciam, 
as  its  blind  vestibular  end  is  called. 

The  membranous  flomicireular  canals  (ductus  semi- 
circulares)  occupy  about  rjue-third  of  tho  diameter  of  the 
osseous  canalsj  and  correspond  with  th(}m  in  number, 
name^  and  form.  They  are  closely  united  along  their 
a>nvex  margins  witli  the  bony  tubes,  whilst  the  opposite 
concave  margins  lie  free  in  the  perilymphatic  space,  being 
attached  only  by  irregular  vascidar  connective-tissue 
bundles  (ligamentii  labyrinth i  canal i culormn ) ,  which 
stretch  across  this  space.     Each  of  the  membranous  tubes 
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hsB  an  ampulla,  which  is  relatively  much  larger  than  the 
oeaeous  ampulla,  being  three  times  the  size  of  the  rest  of 
the  tube.  The  part  of  the  ampulla  oorresponding  to  the 
convexity  of  the  semicircular  canala  is  grooved  on  the 
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Diagram  of  the  Perilymphatic  and  Endolymphatic  Spaces 
of  the  Inner  Ear.  (TeetuLJ  Endolymphatic  spaces  in  grey; 
perilymphatic  spaces  in  black.  1,  Utricle ;  2,  saccule ;  3,  semi- 
circular canals;  4.  cochlear  canal;  5,  endolymphatic  duct; 
6,  subdural  endolymphatic  sac:  7,  canalis  reuniens;  8,  seal  a 
tympani ;  9,  acala  vestihuli ;  10,  their  union  at  the  helicotrema; 
11,  aqueduct  of  the  vestibule;  12.  aqueduct  of  the  cochlea;  13, 
periosteum;  14,  dura  mater;  15,  stapes  in  fenestra  ovalis;  16, 
fenestra  rotunda  and  secondary  tympanic  membrane, 

(From  "  Histology:*  ^  Dr.  Bailey.     Wm.  Wood  £  Co.,  Publishert) 


outer  surface  at  the  entrance  of  the  ampullary  nerves. 
On  the  correfii>oncling  inner  surface  is  a  projection — the 
septum  tranHViTRuin^ — which  practically  divides  this  space 
into  tw"  parts,  and  i^^  Hurrnountpd  by  the  crista-  acustica, 
'^hich  contains  the  ampul Inry  endings  of  the  voBtibulaf 
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nerves.     Tbe  crescent-shaped  thickening  beyond  each  end 
of  the  crista  is  called  the  planum  semilunatum. 

Structure  of  the  Utricle^  Saccule,  and  Semicircular 
Canals. 

The  vestibule  and  the  bony  eemicircnlar  canals  are 
lined  by  a  very  thin  periosteum,  coiniwsed  of  a  feltwork 
of  resistant  fibrous  tissue  containing  pigmented  connect- 
ive-tissue cells.  Endothelium  everywhere  lines  the  peri- 
lymphatic space  between  the  membranous  and  osseous 
canals,  covering  the  free  inner  surface  of  the  i^eriosteum, 
the  fibrous  trabeculae,  and  the  outer  or  periljmiphatic  sur- 
face of  this  part  of  the  membranous  labyrinth.  The  walls 
of  the  utricle,  sacculcj  and  membranous  semicircular 
canals  are  made  up  of  (a)  an  outer  fibrous  connective- 
tissue  lamella,  and  (b)  an  inner  epithelial  lining,  the 
latter  consisting  throughout  the  greater  part  of  its  extent  of 
a  single  laj^er  of  thin,  flattened,  polyhedral  cells.  Beneath 
the  epithelium,  in  the  region  of  the  maculae  and  cristee, 
is  (c)  a  thin,  almost  homogeneons,  hyaline  membrane 
with  few  cells*  This  middle  layer  presents,  in  places,  <m 
its  inner  surface  small  papillary  elevations  covered  by 
epithelium.  On  the  concave  side  of  the  semicircular 
canals  is  a  strip — the  raphe-r-of  thickened  epitheliimi,  in 
which  the  cells  become  low,  cylindrical  in  ty^ie.  In  the 
plana  semilunata  the  cells  are  cylindrical  in  type.  Over 
the  regions  receiving  the  nerv*e  fibres — the  macuhe  acus- 
tiae  and  the  cristsE?  a^iusticse — the  epithelium  undergoes  a 
marked  idteration^  changing  from  the  ludiffprf^ut  covering 
cells  into  the  highly  specialized  neuro-epithelium. 

The  maeuljB  acusticfe  are  alwut  B  mrn  long  by  2  mm 
broad,  tlie  macula  of  the  saccule  being  a  little  narrower 
fL5  to  L6  mm)  than  that  of  tJie  utricle  (2  mm).  At 
the  margin  of  these  areas  the  cells  are  at  first  cuboidal, 
next  low  coliunnar^  and  then  they  aVtmptly  increase  in 
length  until  thny  measure  from  0,30  U)  0.85  mm,  in  con- 
trast with  their  usual  height  of  horn  M^H  to  .iH)i  mm. 
The  acoustic  area  includes  two  kinds  of  elements- — the 
miat^ntacular  or  fibre  cells  and  the  hair  cells.  The  snsten- 
tacular  cells  are  long,  rather  narrow,  irregularly  cylindri- 
cal elements^  and  extend  the  entire  thickness  of  the  epi- 
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fchelial  layer,  resting  iipon  a  well-dovBloped  basement 
membrane  by  tbeir  expanded  or  divided  basal  prooGssefi. 
At  a  variiiljlfc!  distance  from  tlie  base  they  present  a  swell- 
ing enclosing  an  oval  nuclens,  and  terminate  at  tlie  surface 
in  a  cuticalar  zone.  The  cylindrical  bair  cells  are  broader 
but  Bhortcr  than  the  sustentiicular  cells,  and  reach  from 
the  free  surface  only  as  far  as  the  middle  of  tlie  epithelial 
layer,  where  each  cell  terminators  usually  in  a  roimded  or 
somewhat  swollen  end,  containing  a  spherical  nucleus. 
The  end  next  to  the  free  surface  exhibits  a  differentiation 
into  a  cuticular  zone,  similar  to  that  covering  the  inner 
ends  of  the  su.stentacular  elements. 

From  the  free  border  of  each  hair  cell  a  stiff,  robust 
hair,  .020  to  .025  mm  long,  projecta  into  the  endolymph. 
This,  however,  is  resolvable  int(3  a  number  of  agghiti- 
nat-ed,  finer  hairs  or  rods.  The  free  surface  of  tlie  neurt> 
epithelium  within  the  saccule  and  utricle  is  covered 
by  a  remarkable  structure,  the  so-called  otolithic  mem- 
brane. This  consists  of  a  gelatinous  membrane,  in  which 
are  imtedded  numberless  small,  crystalline  Ijodies,  the 
otoliths.  Between  it  and  the  cuticular  zone  is  a  Bi>ace, 
about  .020  mm  in  width  and  filled  with  endolyinph, 
through  which  tlie  hair  celk  pass  to  the  otolithic  niem- 
brane.  The  otoliths  are  raimite  crystals,  usually  hexa- 
gonal in  form,  with  slightly  rounded  angles,  and  from 
AHJ9  to  .011  mm  in  l<mgth.  They  are  composed  of  cal- 
cium carbonate,  with  an  organic  basis.  On  reaching  the 
macula  the  nerve  tibrr-g  form  a  Biihepithelial  plii'xiia,  from 
which  tine  bundles  of  fibres  pass  toward  ttio  free  surface. 
The  fibres  usually  lose  their  medullary  substance  in  jmss- 
ing  through  the  basement  membrane,  and  enter  the  epithe- 
lium as  nakeil  axis-cylinders.  Passing  t»etween  the  sub- 
cuticular cells  to  about  the  middle  of  the  epithelium,  they 
break  up  into  fine  fibrilhe,  which  embrace  tlie  ileeper  ends 
of  the  hair  cells,  and  give  off  fine  threads  that  pass  as 
free  axis  cylinders  between  the  c«^lls  Uv  higher  levels. 

The  crista  acustica  and  phmum  semilunatum  are  cov- 
ered withneuro-epithelium,  similar  to  tbatof  tlie  mnculoe. 
The  hairs  of  the  hair  cells,  however,  are  longer  and  con- 
verge to,  and  are  imbedded  within,  a  peculiar  dmiielike 
structure  known  as  the  cuiwla,  regarded  by  some  am\to- 
mists  as  an  artefact  formed  by  cotigulation  of  the  fluid 
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in  which  the  hair  cells  are  bathed.     Otoliths  probably  do 
not  exist  in  the  cristae  aciistica?. 

In  some  lower  animals,  besides  the  maculse  of  the 
utricle  and  gaccule,  thera  is  also  a  third  structure  similar 
to  these — the  lagena — whieh  likewise  contains  otolitha. 
In  certain  fislies  the  otoliths  are  stones  of  1  cm  in  size. 
The  plane  of  the  macula  utriculi  corresponds  roughly  with 
tJiat  of  tlie  external  semicircular  canal.  In  the  upright 
position  it  is  inclined  backrward  at  an  angle  of  45"^.  Ac- 
cording tfj  Retzius^  tlie  long  axis  of  the  macula  utriculi 
in  men  is  directed  from  in  front  upward  and  inward  and 
(the  short  axis)  backward,  downward,  and  taitward,  the 
genend  plane  being  about  horizontfd.  The  long  axis  of 
the  saccule  is  ahnost  vertical,  and  is  directed  from  with- 
out upward  and  inward,  the  shtjrt  axis  l>eing  directed 
from  before  backward.  The  macula  is  situated  upon  its 
mesial  surfiice  (Retzius),  The  piano  of  the  macida 
:uli  runs  from  above  and  behind  forward  and  down- 
rd  in  an  antero-posterior  direction,  at  about  an  angle  of 
The  lagena  of  lower  animals  permits  vertical  dis- 
placement of  its  okdith,  while  the  macuhe  of  the  utricle 
and  saccule  are  roughly  horizontal,  and  at  right  angles  to 
each  <ither  (Piersol"*).  Th^  hairs  of  the  macuhe  of  the 
utricle  and  saccule  are  stiffer  and  sliorter  than  those  of 
the  crista  of  the  ampulhe,  and  are  held  together  by  a 
stiffer  mass  of  otoconiuni,  which,  however,  is  not  gelati- 
nous, but  of  otolithic  conipositton.  Verworn  ^  projx>sed 
the  name  staloliths  for  the  otoliths  of  the  utricle  and 
saccule^  and  caUed  the  analogous  organs  in  certain  lower 
forms  statocyst^,  thus  assuioingthat  the  function  of  these 
organs  is  exclusively  static,  as  disstinguished  from  the 
dynamic  fimction  of  the  semicircular  canals.  Clarke/ 
after  a  comparative  study  oi  the  otolithic  and  related 
structures,  concludes  that  whilst  the  ot^>lithic  structures 
are  mainly  stiitical  in  function,  they  are  not  exclusively 
BO,  and  may  function  dynamically  as  well.  With  the 
exception  of  the  maculfe  of  the  utricle  and  saccule  no  part 
of  the  vestibular  wall  is  supplied  with  nerve  terminals  of 
the  eighth  nerve, 


CHAPTER  II 

THE  EIGHTH   NERVE 

Tho  eiplith  nerve  confiists  uf  two  pjrtionfl— the  coch^ 
Itmr,  or  true  netve  of  hearing,  and  the  vestibular,  which 
ifl  c<>nc(*rned  with  equilibration.  Tnvced  from  the  brain 
t^)ward  the  ear,  the  eighth  nerve  arises  at  its  superficial 
origin  by  ti;\'^o  roots:  a  mesial — radix  vestibularis — and  a 
lateral — radix  e^x^hlearis — whicli  embrace  the  inferior 
cerelx^Uar  pduncle,  the  mesial  nMt  passing  txi  the  inner, 
and  the  lateral  root  to  the  outer  side  of  the  peduncle. 
The  nerve  thu8  formed  by  the  union  of  these  two  roots 
leiivBB  the  surface  of  the  brain-etem  at  the  ixisterior  bor- 
der of  the  jx^nSj  where  it  ia  adherent  to  the  middle  cere- 
bellar peiluncle.  To  its  inner  side,  and  closely  associated 
with  it,  are  the  motor  and  eensoiy  root^  of  the  facial 
nerve,  which  lie  within  a  groove  on  the  mesial  surface  of 
the  eighth,  and  with  it  enter  and  traverse  the  internal 
auditory  canal.  Within  tlie  latter  the  eighth  nerve  sepa- 
rates into  two  divisions,  of  which  tlie  eui)erior  and  larger 
is  the  vestibular  nerve  (n.  vestibuli),  and  the  inferior 
and  smaller  the  cochlear  (n.  cochlear).  Although  in  a 
general  way  these  divisions  continue  the  corresponding 
rootflj  this  agrt^nient  as  to  the  source  of  their  fibres  is  not 
complete,  since  strands  of  the  vestibidar  fibres  are  incor- 
porated with  tlie  cxK'hlear  nerve.  On  reaching  the  bottom 
of  the  int<?rnal  imditory  canal,  the  facial  nerve  enters  the 
fflycial  canal,  whilst  the  fibres  of  the  eighth  nerve  disap- 
pear through  aiM.'.rtures  in  the  lamina  cribrosa,  tx>  reach 
tlie  several  parts  of  the  membranous  laliyrinth.  In  the 
intx^rnal  auditory  canal  the  vestibular  and  f^icial  trunks 
are  connected  (fila  aimstom ica)  by  a  branch,  which  passes 
from  the  pars  intermedia  to  the  vestibular  nerve,  and  by 
one  from  the  latter  to  the  geniculate  ganglion.  Tliese 
apparent  communications  between  the  seventh  and  eighth 
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nerves  are,  in  fact,  only  aberrant  strands  of  facial  fibres 
that  return  to  the  seventh  after  temporary  association 
with  the  eighth. 

The  veBtibiikr  nerve  divides  into  three  terminal 
branches,  which  pass  through  the  apertures  in  the  cribri- 
form plate,  above  the  falciform  crest,  and  supply  the  utri- 
cle and  the  superior  and  external  sernicirciilar  canals. 
Not  all  the  fibres  of  the  vestibular  r(x>t,  however,  are  in- 
cluded in  these  branches,  since  of  the  three  branches 
given  off  by  the  vestibular  nerve,  two,  vii!. ,  those  of  the 
saccule  and  posterior  semicircular  canaJ,  are  incorjx^rated 
with  the  cochlear  fibres,  and  seemingly  are  derived  from 
the  cochlear  nerve.  The  remaining  branch  of  the  cochlear 
nerve  contains  the  cochlear  fibres  proper >  which  traverse 
the  nimierouB  foramina  of  the  tmctus  spiralis  foraminosus 
and  the  centra!  canal  of  the  modiolus,  to  supply  the  organ 
of  Corti. 

The  fibres  of  the  eighth  nerve  are  afferent.  Hence 
they  are  pr(x*esses  (axones)  of  nerve  cells,  situated  some- 
where along  tlie  course  of  the  nerve.  The  real  origin  of 
the  nerve  fibres,  therefore,  is  to  be  sought  in  the  ganglia, 
occurring  in  the  divisions  of  the  nerve. 

The  true  cochlear  fibres  arise  within  the  cochlea  as 
axones  of  the  a^lls  of  the  spiral  ganglion,  or  ganglion  of 
Corti  (g.  epirale).  This  structure  consists  of  a  series  of 
biix^lar  neurones^  which  occupies  the  sjiiral  canal  in  the 
base  of  the  lamina  spiralis.  Tlie  dendritic  processes  of 
these  cells  \wg\n  as  line  fibrils,  which  lie  in  close  relation 
with  the  neuro-epith(^lial  ct»lls,  comprising  the  iimer  and 
outer  hair  colls  of  the  organ  of  Corti.  Leaving  the  hair 
cells  as  non-medulla  ted  fibres,  they  traverse  the  foramina 
nervosa  of  the  labium  tyiupanicuni,  at  which  point  they 
become  raedullatt*d  when  they  interlace  to  form  a  flat 
feltworkthat  lies  between  the  layers  of  the  lamina  spiralis, 
and  soon  assemble  to  form  bundles  which  pass  to  the  cells 
of  the  ganglion  spirale,  each  fibre  probably  joining  its 
individual  cell.  Leaving  the  ganglion,  the  axones  of  its 
cells  enter  the  b<jny  canals  within  the  modiolus,  from 
which  they  emerge  a,s  the  tractus  spiralis  foraminosus, 
and  are  collected  into  a  single  bundle — ^^tho  cochlear  nerve 
proper.  This  latter,  however,  soon  receives  two  acces- 
sions, ono  of  which  consists  of  fibres  from  the  saccule,  thQ 


othor  from  tlio  poeU'rior  snmicirciilar  canal.  These 
accoHHifins  aro  in  nmlity  parts  f>f  the  vestibular  nerve 
and,  Ix^yond  their  tjcniix>rary  comxmnionship  have  nothing 
to  do  with  thn  cochlear  rof>t. 

On  refU'liinR  tho  medulla  the  cochlear  filires  corao  into 
relation  with  their  nucleus  of  receptinn,  which  includes 
two  BUiKTlleial  aggregations  i>f  nerve  cella  tliat  collectively 
conHtitute  the  acoustic  nucleus.  The  latter  consists  of 
two  pfirt>«,  of  which  one— the  ventral  cochlear  nucleus, 
alwo  calli^d  the  acceh;sory  acoustic  nucleus — lies  ventral  to 
tlie  infrrifircoreliellar  p<'duncle;  and  the  other — tho  lateral 
cochlear  nucleuB,  or  tuberculuoi  aeuBticum,  rests  nix)n  the 
dorso-lat.eral  surfacn  of  th<3  peduncle,  and  occupies  the 
extreme  nut^^r  part  of  tlie  triangular  acoustic  area,  seen  in 
tho  lat<:'ral  angle  of  thn  fI<Kir  of  tho  fourth  ventricle.  The 
gn^at-er  nuiiiln'r  of  C'(x'hl(**ir  fibres  end  in  arbor iziitions 
around  the  stellate  cells  of  the  ventrd  ganglion,  whilst 
others  teniiinate  in  relation  with  the  more  elongated 
fu.sifnrm  cellH  cif  the  lat<'ral  nucleus.  From  the  neurones 
of  these  subdiviflioufl  uf  the  reception  nucleus,  the  audi- 
tory ]mtlnvay  is  oontintiod  as  two  chief  tracts — the  axones 
of  the  cells  of  the  ventral  nu<'leu8  passing  for  the  most 
part  ventral  to  the  rcKtifonii  Ixjily  and  the  special  root  of 
thn  trigciiiiiiuN  t^i  form  the  corpus  trapezo ides,  whilst  those 
from  the  Int^nvil  micleus  sweep  around  the  outer  surface 
of  the  restifonn  body»  and  then  medially  beneath  the 
ep4'ndyma  of  the  lltMir  of  the  fourth  ventricle,  where  they 
phf>w  'with  varying  degrees  of  distinctness  as  the  striiB 
aiMistitMe.  Thi^  corpus  trapezoides — the  conspicuous  trans- 
vnrsH  triM't  that  sepamteg  the  tegmental  from  the  ventral 
rcgi»in  of  lh(^  jx^ns  in  its  sni>«3rior  part. — is  fonned  chiefly 
by  the  axnne^  of  the  cells  within  the  central  c*K'hlear 
micliMis,  supplemented  by  a  limited  number  of  fibres  that 
spring  from  the  lateral  nucleus.  In  addition  it  contains 
axontjs  from  the  large  cells  found  within  the  trapezoid 
bijdy  on  e^xeh  side  of  the  middle  line  that  constitute  the 
nucleus  trapezoideus.  In  close  relation  with  the  dorsal 
surfiice  of  the  corpus  trapezoides,  within  the  superior 
olive  and  on  eithfr  side  of  the  median  raphe,  lies  the 
superior  olivary  nucleus  (nuc.  olivarius  superior),  a  col- 
lection of  nerve  cells  around  which  m»my  of  the  cochlear 
fibres,  chiefly  from  the  opposite  but  also  from  the  same 


ANATOMY 


15 


Bide,  end  and  from  which  the  tnict  of  the  lateral  fillet 
principally  takes  origin.  Not  all  the  fibres  arJsing  from 
the  superior  olivary  nucleus,  however,  enter  the  hiteral 
fillet,  A  considerable  numl>er  leave  the  dorsal  surface  of 
the  nucleus,  and  as  its  peduncle  pass  to  the  abducent 
nucleus  (v.  Beciittirew  considf^rs  these  fibres  as  cerebello- 
fiigal  paths  to  the  abducens  micleus),  and  byway  of 
the  posterior  longitudinal  fascicnhis  t-o  the  nuclei  of  the 
other  ocular  nerves.  In  this  manner  it  is  asserted  the 
reflex  paths  are  established,  by  wbich  the  motor  nerves, 
including  probably  the  fftcial,  are  brought  under  the 
infiuence  of  auditory  impulses. 

There  are  reasons,  however,  for  rejecting  this  eirapley 
abnost  direct  relation  betwoim  the  eighth  nerve  and  the 
nuclei  of  the  eye  muscles.  Movements  of  the  eyes  in 
response  to  a  loud  sound  are  not  simple  reflex  movemente, 
but  complex,  coordinated  movements,  associated  U8ually 
with  other  movements,  e.g.,  tiuning  of  the  head  and  eyes 
to  the  source  of  the  sound,  accompanied  hy  a  general 
movement  of  withdrawal  of  the  head  and  upi>er  part  of 
ttie  body.  Such  complex  purposive  movemente  could 
hardly  take  place  through  direct  pnths  from  the  auditory 
to  the  ocular  and  other  nuclei  without  the  intei-vention  of 
some  higher  harmonising  mechanism.  Moreover,  in 
Ferrier's^ experiments,  stimulation  of  the  auditory  area 
in  the  temporal  lobe  aiused  the  animal  to  turn  the  head 
and  eyes  in  the  direction  of  the  ear  of  the  opposite  side. 
This  interesting  experhnent  shows  tJiat  the  main  relation 
Ijetween  the  auditory  nerve  proper  and  the  cerebral  cortex 
is  a  crossed  one.  It  also  shows  that  rt^fiex,  coordinated 
turning  of  the  head  and  eyes  in  rcBiwnse  to  auditory 
etimulx  may  take  place  along  other  paths  than  the  direct 
one  mentioned;  that  is,  in  a  downward  course,  possibly 
through  the  mediiun  of  the  cerebellurn. 

Within  the  tract  of  the  fillet,  a  short  distance  beyond 
the  superior  olive,  is  encountered  a  group  of  nerve  cells, 
^the nucleus  of  the  lateral  fillet  (micleus  lemnisci  hiteralis). 
Whilst  numerous  additions  to  the  fillet  are  received  from 
[these  cells,  their  i*elation  to  the  cochlear  fibres  is  uncer- 
rtain.  The  lateral  fillet  will  be  more  fully  described  later 
on.  It  is  siilHcient  to  note  here  that  in  so  far  as  the 
auditory  (cochlear)  fibres  ai-e  concerned,  the  tract  termi- 
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tiates  chiefly  in  the  inferior  coUimlusaf  the  quadrigeminA 
and  in  the  median  geniculate  body.  In  addition  to  its 
oonstitaent8  through  the  corpus  trapesoides  the  lateral 
fillet  receives  considerable  accessions  of  cochlear  fibres  by 
way  of  the  striie  acusticse.  Theee  strands  consist,  for  the 
most  part,  of  the  axones  of  the  cells  lying  within  the 
tuberculum  acusticum ;  but  to  a  limited  extent  aleo  of  the 
axones  of  the  ventral  cochlear  nucleus,  which  wind  over 
the  latero-dorsal  surface  of  the  inferior  cerebellar  peduncle, 
pass  medially  beneath  the  ependyma  of  the  floor  of  the 
fourth  ventricle,  as  far  as  the  median  groove ;  and,  cross- 
ing to  the  opposite  side,  sweep  ventrally  through  the 
dorsal  region  of  the  medulla  or  pon8,  to  join  the  tract  of 
the  lateial  fillet,  and  so  proceed  in  company  with  the 
other  cochlear  fibres  to  the  higher  levels.  Not  all  the 
component  fibres  of  the  acoustic  strite  follow  the  lateral 
fillet;  some  of  them,  after  decussation,  turn  brainward, 
possibly  joining  the  mesial  fillet,  whilst  others  may 
enter  the  posterior  longitudinal  fasciculus  to  assist  in 
establishing  the  reflex  paths,  influencing  the  motor 
nerves.  The  auditory  paths,  by  which  impulses  from  the 
organ  of  Corti,  travelling  along  the  cochlear  fibres  reach 
the  cerebral  cortex,  are  as  follows : 

1.  Periphc^ral  neurones  of  the  ganglion  spirale  whose 
axones — the  cochlear  fibres— pass  to  the  reception  nu- 
cleus, composed  of  the  ventral  and  lateral  cochlear 
nuclei, 

2.  The  neurones  of  the  cochlear  nuclei  send  their 
axones — (aj  By  way  of  the  corpus  trapezoides  to  the 
superior  olivary  nucleus,  chiefly  of  the  opposite  side  or 
to  the  lateral  fillet,  or  its  nucleus  without  interniptton  in 
the  olive,  (i))  By  way  of  the  strife  acusticse  through  the 
tegmentum,  to  join  the  trapezoidjil  fibres. 

H.  The  neurones  of  the  suijerior  olivary  nucleus,  or  of 
the  fillet  nucleus,  whose  axones  pass  by  way  of  the  lateral 
fillet,  (a)  To  the  cells  within  the  inferior  colliculus,  or 
(b)  witliout  int^^rniption  tJirtmgb  the  inferior  brachium 
to  the  cells  within  the  median  gi'niculate  body, 

4.  The  niHin>n«*s  of  the  inferior  colliculus  and  of  the 
median  fri-niculat^^  IkmIv  whoHi!  fixoneB  pass  as  the  audi- 
toTY  rmMnihtn  U\  tlu'  mulHury  rnrtifal  area  within  the 
ttMijfHinil  InliH  uf  llif'  rrinldinn,     T1k»  <»xjict  limitations  of 
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toe  auditory  area  are  still  uncertain,  but  the  most  im- 
portant part  of  it  includes  the  i?uiM:frior  temporal  and  the 
eubjacent  part  of  the  middle  temporal  convolution. 

The  cochlear  fibres  that  do  not  undergo  decusBation 
ascend  through  the  lateral  fillet  (A  the  same  side,  and 
eventually  estahlish  cortical  relations  with  the  corre- 
sponding cerebral  hemisphere.  From  the  fori^going  it  is 
manifest  that  the  auditory  area  is  eliieily  conneet*?d  with 
th^  cochlea  of  the  opposite  side.  This  crossed  relation  is 
emphasized,  for  there  are  sufficient  reasimg  for  asserting 
positively  the  existence  of  a  eimihir  ci'ossed  relation  be- 
tween the  cGrel>ellum  and  the  semicircular  canals  and 
vestibule,  as  will  apj^ear  later. 

The  fibres  of  the  vestibular  portion  of  the  eighth  nerve 
are  the  axones  of  the  bipolar  nerve  cells  situated  within 
the  small  vestibidar  (g.  vestibulare)  or  Scarpa's  ganglion, 
which  lies  at  the  bottom  of  the  internal  auditory  canal. 
The  dendrites  of  these  cells  constitute  the  five  branches  of 
distribution  of  the  vestil)ular  nerve,  and  pass  through  the 
various  openings  in  the  inner  wall  of  the  houy  labyrinth, 
as  above  described j  to  reach  the  raacuJfe  acustica3  within 
the  saccule  and  utricle  and  the  crista  acusticsD  of  the 
ampulla3  of  the  semicircular  canals,  where  the  nerve  fila- 
ments are  in  intimate  relation  with  the  neuro-opithelimn. 
The  centrally  directed  axones  of  the  neurones  supplying 
the  utricle  and  the  superior  and  external  semicircular 
canals  tieoorae  consolidated  to  form  the  vestibular  nerve 
of  descriptive  anatomy.  Those  from  the  sficcule  and  pias- 
ter i  or  semicircular  canal  join  the  cochlear  fibres,  and  with 
these  course  within  the  c(x"hlear  nerve  until  the  latter 
unites  with  the  vestibular  to  form  the  conunon  auditory 
or  eighth  nerve  trunk.  Where  the  common  trunk  sepa- 
rates into  ita  two  roots  the  vestibular  fibres  leave  the 
c<xihleiir,  and  permanently  assume  their  natural  com- 
panionship with  the  remaining  fibres  of  the  vestibular 
root. 

The  vestibular  fibres  enter  the  brain  stem  at  a  slightly 
higher  level  than  those  of  the  c*>chlear  root  lying  mesial 
to  the  latter  and  the  ventral  cochl<mr  nucleus,  and  pass 
dorsally  within  the  pons,  between  the  inferior  cerebellar 
l^eduncle  and  the  spinal  trigeminal  root.  On  reaching  a 
level  dorsal  to  the  latter,  the  vestibular  fibres  divide  into 
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n^Kirt  upward  and  longer  downward  coforsLDg  braindies 
whichf  liiUiT  rondeBging  into  an  ascending  and  descend- 
Inff  nx>t  r*?ftpectively,  end  in  arborizations  around  the 
ceHi*  of  tlio  vffHtibular  nucleuB  of  reception.  The  exact 
«5Jiti^nt  and  c/inHtitution  of  this  nucleus  whicb  underlies 
th'j  nrtm  a<ruHti(»  in  the  floor  of  the  fourth  ventricle  are 
ttni*4?rUiin,  wincf)  the  neurones  directly  related  to  the  ves- 
tibular fibrcrt  contribute  only  a  part  of  those  contained 
within  a  larj^o  diffufte  complex  of  cells  and  fibres,  many 
of  who»o  con«tituentH  probably  have  only  an  indirect  con- 
iwtction  with  the  vestibular  nerve.  Sabin**  successfully 
fUCofwtriwt/?d  thie  complex,  which  comprises  tT>'o  general 
jiartii: 

1.  An  extended,  irregularly  triangular  mass  of  ceDs 
lyin^  for  the  rnoHt  part  mesial  to  tlie  tract  formed  by  the 
ftdci^nding  and  descending  branches  of  the  vestibular  fibres 

2t  A  »TimllfT  masH  of  cells  which  lies  above  the  larger, 
CfD0f  and   i>artly  tfj  the  outer   side  of  the  tract  of  3i| 
Vfl«tibular  fibres.     The  apex  of  the  large  triangular  mas^ 
afjproachf-H  the  middle  line,  and  its  superior  and  inferior 
brixril  angles  are  prolonged  upward  and  downward  along 
the  VBHtibitJar  tract. 

Examined  microscopically  the  large  mass  ia  found  to 
inchiile  three  Hulxlivisions: 

(a)   A  bi[>ering,  caudally  directed  nucleus,  which  coih 
tiniiHri  the  inferior  angle  along  the  descending  vestibuh 
root. 

(1>)  An  extended  triangular  nucleus  that  includes  the 
great^^r  part  of  the  large  triangular  mass. 

(r)  An  irregular  pyramidal  nucleus  that  prolongs  up- 
ward the  8iq>erior  angle.  The  first  of  these  subdivisions 
{aj  is  known  as  the  spinal  vestibular  nucleus  (nuc. 
spmalis  n.  vestibularis) ;  the  second  (b)  as  the  median 
VB8tii)ular  nucleus  (nuc.  medialis  n.  vestibularis),  also  as 
the  cliief  nucleus  or  the  triangular  nucleus;  and  the  third 
(c)  as  the  superior  vestibular  nucleus,  or  the  nucleus  of 
v.  Bochterew.  The  small  mass  (2)  corresponds  with  the 
lateral  vestibular  nucleus  (nuc.  lateralis  n.  vestibularis), 
or  the  nucleus  of  Deiters. 

The  fibres  of  the  descending  root  end  around  the 
neurones  within  the  spinal  nucleus  in  a  manner  similar 


to  that  in  which  the  constituents  of  t\w  spinal  root  of  the 
trigeminus  terminate  in  relation  with  the  neumnes  within 
the  substantia  gelatinosa,  whilst  those  of  the  ascending 
vpstibular  root  end  around  the  cells  within  the  remaining 
vestibular  nuclei.  Ferrier  and  Turner,  however,  observed 
that  after  section  of  the  eighth  nerve  the  descending  ves- 
tibular root  did  not  dogLmorate,  whilst  Bruce  traced  the 
fibres  to  the  cuneate  nucleus.  (See  Vestibular  connec- 
tions.) 

Although  much  uncertainty  and  conflict  of  opinion 
exigt  as  to  the  details  of  the  secondary  paths  by  which 
the  impulses  caiTied  by  the  vestibular  fibres  are  dis- 
tributedy  it  may  be  accepted  that  fibres  pass  from  the 
nuclei  of  reception: 

(a)  To  the  cerel>elhim,  chiefly  to  the  roof  nucleus  of 
the  opp^jflite  side,  and  possibly  to  the  nucleus  globoeus 
andemlx^lliformis  as  constituents  of  the  nucleo-cerehellar 
tract,  by  which  impulses  of  equilibration  are  carried  to 
the  great  coordinating  centres.  (Bee  note  to  Vestibular 
connections.) 

(b)  As  arcuate  fibres  ventro-medially  into  the  tegmen- 
tum of  the  pons  across  the  middle  lino,  bending  upward 
or  downward  to  reach  other  levels,  some  fibres,  however, 
remaining  on  the  same  side.  From  the  character  of  the 
impulses  it  is  probable  that  only  relatively  few  vestibular 
fibres  join  the  median  fillet  to  ascend  to  the  optic  thala- 
mus.    Other  connections  of  the  nuclei  include: 

(c)  Commissural  fibres  between  v.  Bechterew's  nucleus 
of  either  side. 

(d)  Fibres  to  the  abducent  nucleus.  (But  see  sum- 
mary of  Vestibular  comiections.) 

(e)  Crossed  and  uncrossed  fibres  fromDeitei-s'  nucleus 
to  the  posterior  longitudinal  fasciculus;  and 

(f)  Fibres  from  the  same  nucleus  to  the  spinal  cord. 
Not  all  the  neurones  of  Deiters'  nucleus  are  concerned 

in  transmitting  afferent  impulses  to  the  cerebellum,  for 
many  are  links  in  the  path  by  which  cerebellar  cells  exer- 
cise coordinating  influence  over  the  root  cells  of  the  spinal 
nerves.  Starting  in  the  cerebelhira  such  efferent  impulses 
ftre  c-arried  by  fibres  that  descend  through  the  median  part 
of  the  inferior  cerelw^lkr  peduncle,  and  prtibably  end 
around   certain   of  the   cells    within   Deiters'    nucleus. 
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Fmm  these  cells  in  turn  originate  the  fibres  of  the  vesti- 
biilo-Bpinal  tract  which  J  afti'r  tra\'er8hig  the  mtidnlla,  enter 
ihij  ant/ero-latt^ral  cohiinii  of  the  cord,  and  end  in  relation 
witli  the  motor  root  cella.  A  shorter  and  more  direct 
path  for  vcatihular  r<*ni^xi>s  may  probably  be  formed  by 
ilio  coUfttemls  uf  Urn  vx^ntihular  fil)re8  that  end  around  the 
Hpinal  neuroneg  fvf  I)eit*TB^  nuclmia;  but  the  objection 
already  put  forwanl  a^'ainnt  the  aiiiiple  direct  connection 
l)et\veen  afft^rent  cuclilivir  libres  and  the  ociilo-motor  centres 
]hMb  as  well  hert?  iis  in  tlie  case  of  vestibular  fibres.  Sach 
comiectinna  cannot,  arcnunt  for  th(^  more  complex  coordi- 
nated movemenliJi  r>f  ctiu  iHliration  which  i3oatulat<3  a  higher 
coordinating  nKH'haiiiHni.  The  vestibular  and  cochlear 
imclei  are  niiti  i^nt  rnlay  cinitit's — coordinating  centres  of 
a  lower  ta-der  perhapn  but  mlafjed  t-o,  and  acting  in  accord 
with,  higher  «'oni'<linat,ing  cr^ntres  that  regulate  and  con- 
trol themon>  iMJiuplicnlcd  muvi'tnent^  consequent  on  coch- 
lear or  vtwtihulm-  irritatitm.  In  those  cases  wher6  there 
Beems  Ui  hea  din-i-i  cnnniH'tion  between  the  vestibular 
fibres  and  tli^'  mot,<»r  ceiitres^  »^.g. ,  thoee  fibres  mentioned 
as  going  Ui  tlm  abducent  nucleus,  it  is  probable  that  such 
fil)n38  are  mainly  f^lTcn^iit  and  carry  impulses  from  the 
cereliellum  or  other  higher  centres,  which  ctxirdinate  the 
movementi^  of  tint  eyt^n  with  the  movements  executed  by 
otlier  muBcleH  in  r(>H|n>nHit  t-o  labyrinthine  stimulation. 
The  earne  htxH  ti)  bn  nnid  of  many  fibres  in  the  posterior 
longitudinal  fawri^ruhiH,  whi<!li,  undraibU'dlyj  convey  co- 
ordinating ijjipulKnH  that  linrnioniBe  the  actions  of  motor 
nerve  ctnitrcH  Hihinh^J  at  noua^  disbnice  from  c^ach  other, 
a  n<rtaltle  iiiHhiiicn  being  that  of  the  abducens  centre, 
whieli  workn  in  harmony  with  the  centre  for  the  internal 
rectus  muKcln  of  the  oppositi*  side.  In  the  nystagmic 
naoverncnl*!  obMi»rved  in  irrigations  of  the  external  audi- 
tory canal,  utidonhb'dly  the  fibres  from  Deiters'  nucleus 
to  thn  iKJKh'rior  iMugitudinal  ftiscicu!us  play  an  important 
role;  Imt,  an  iM^fcjre  Htated,  these  fibres  probably  do  not 
represent  a  din»<^t  immediate  connection  between  the  ves- 
tibular fibn«rt  and  the  ^wsterior  longitudinal  fasciculus, 
but  nm  to  be  considered  in  part  at  least  as  efferent  fibres 
from  the  cerel:^llum  or  other  coordinating  centre. 

In  fishes  the  vestibular  nerve  is  in  close  functional 
ion  with  the  meeencephalic  centres  of  the  opposite 
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side  (Loeb  ^) ,  whilst  almost  all  the  optic  fibres  pass  to 
the  same  centres  (Parsons  **) .  In  fishes,  therefore,  and  in 
the  lower  forms  of  animals  generally  it  is  reasonable  to 
assign  important  functions  in  the  maintenance  of  equili- 
brium to  the  mesencephalic  centres. 
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ejentres  lor  the  roctus  superior,  levator  paljwbra^  giiperiorie 
rectus  inferior,  and  lastly  that  of  the  obliquus  superior 
The  clinical  observations  of  Kahler  and  Pick,  and  those 
of  Starr,  indic^ite  that  the  levator  palpobrce,  rectus  supe- 
rior, and  obliquus  inferior  are  innervated  from  the  dorsal 
(dorso-lateral)  group,  and  the  riK'tus  intt^nius  and  rectus 
inferior  from  the  ventro-mewial  group  in  order  from  above 
downward  (can dad) . 

V.  Bechterew  "  from  his  observations  following  irrita- 
tion of  the  p<jyterior  wall  cjf  the  third  ventricle  and  of  the 
floor  of  the  aqueduct  of  Sylvius  concluded  that  the  third 
nucleus  coneigte  of  two  larger  groups — one  paired  and 
one  unpaired — -and  of  two  smaller  paired  accessory  groups. 
The  former — larger  groups — contain  the  main  nucleus, 
and  are  laterally  and  ventrally  in  relation  with  the  pos- 
terior longitudinal  fasciculus.  About  the  level  of  the 
junction  of  the  middle  with  the  anterior  third  of  the 
nucleus  is  the  median  unpaired  group  and  the  dorso- 
lateral paired  groups.  The  anterior  (sujDerior)  groups 
are  related  to  accommodation  and  pupillary  constriction. 
The  posterior  group  is  subdivided  intcj  a  lateral  group  for 
the  levator  palpebra3,  suijerior  rectus,  and  inferior  ob- 
lique, and  a  median  group  for  the  internal  and  inferior 
rectus. 

From  the  uniformity  of  the  findings  given  above  the 
grouping  of  the  centres  in  the  third  nucleus  may  be 
accepted  as  proven.  Tsuchida,'*  who  recently  (1906) 
investigated  the  whole  subject,  denies  the  constant  exiet- 
eoce  of  a  well-marked,  unpaired,  median  group,  as 
described  by  Perl i a  and  others,  but  admits  the  existence 
of  broken  gi'oups  of  medially  placed  cells,  especially  in 
the  upper  and  lower  thirds  of  the  nucleus.  The  oculo- 
motor fibres,  according  to  Tsuchida,  originate  frtjm  vari- 
ous portions  of  the  third  nucleus  without  limited  relations 
to  distinct  groups. 

The  nucleus  of  Darkschweitsch,  which  is  a  laterally 
situated  group  of  cells  beginning  in  the  floor  of  the  third 
ventricle  and  extending  caudallyas  far  as  the  upper  third 
of  the  chief  nucleus,  is  no  longer  regarded  as  having 
direct  relations  with  the  third  nerve.  It  is  in  intimate 
relation  with  the  posterior  longitudinal  fasciculus, 
amongst  the  fibres  of  which  it«  cells  to  a  great  extent  lie. 
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cuius.  The  nucleus  is  5-8  mm  longj  and  extends  from 
the  level  of  the  caudal  pole  of  the  superior  nolliculi  (from 
underneath  superior  colliculi  and  part  of  third  ventricle^ 
according  to  Quaiu**)  almost  to  the  level  of  the  fourth 
nucleus,  from  which  it  is  sepamtecl  by  a  narrow  iuten-al. 
The  grouping  of  the  nerve  cells  of  the  third  nucleus  is  as 
follows ; 

1.  A  paired  group,  consisting  of  long  eolunma  of  cells 
— ^the  chief  nuclei — extending  along  the  dorsal  surface  of 
the  posterior  longitudinal  faHciculi.  These  chief  nuclei 
are  subdivided  into  (a)  dorisal  (lateral)  and  (b)  ventral 
(mesial)  cell  groups.  Dislocated  groups  of  cells  of  the 
chief  nucleus  lie  scattered  among  and  beneath  the  fibres 
of  the  pogterior  longitudinal  fasciculus. 

2.  Dorsal  t<j  the  chief  nucleuB  and  overlying  the  pos- 
terior-median surface  is  the  tapering  column  of  Bmall 
nen^e  cells — the  Edinger-Westphal  nucleus.  The  mass  of 
this  nucleus  is  thicker  above  than  below  (eaudad),  and  is 
divided  into  dorso-latreral  and  ventro-median  portions  at 
the  caudal  ix>le,  though  fused  at  the  cephalic  extremity. 
There  is  question  as  to  whethLT  the  E dinger- We stphal 
nucleus  is  related  to  the  third  nerve.  In  the  dorsal 
(inferior)  group  of  cells  maybe  distinguished  six  second- 
ary groups.  Two  of  these  lie  latend  to  the  others ,  and 
Bf  anew  hat  dorsally.  The  remaining  four  are  placed  more 
mesially  and  one,  which  is  in  the  roiddJe  line — the 
nucleus  medialis^is  common  to  thf!  cK!uIo-niot<:)r  nerve  of 
each  side^  Experiments  on  animfils  and  pathokigical 
^observations  in  mtin  seem  to  show  that  the  oculo-motor 

intres  are  groujied  as  ab(3ve;  that  is,  that  thej  are 
iivided  into  a  superior  and  an  inferior  or  dorsal  group^ 

id  again  into  a  mesial  and  a  lateral  group.  The  ante- 
rior (superior)  part  of  the  oculo-motor  nucleus  has  smaller 
cells  tlian  the  rest  of  the  nucleus^  and  extends  forward 
into  the  wall  of  the  third  ventricle.  Hensen  and  A'^olck- 
ers^^  have  shown  by  dirw^t  apj>lication  of  the  electrodes  in 
the  dog  that  most  auteriorily  in  the  wall  of  the  third  ven- 
tricle is  the  centre  for  acrommodation.  Behind  this,  and 
more  lat»iirally  situat^>d  than  the  ff>rmer,  is  the  centre  for 
constriction  of  the  iris.  At  the  junction  of  the  thii'd 
vi-ntricle  with  thearpieduet  of  Sylvius  is  the  centre  for  the 
pectus  internus,  behind  which,  in  order  backward,  are  the 


and  that  no  fibres  from  the  sixth  or  third  nucleus  ^ntar 
the  posterior  longitudinal  fascicuius.  The  fibres  of  the 
pOBterior  longitudinal  fasciculus  to  the  sixth  nucleus 
more  probably  represent  efferent  cerebellar  or  other  paths 
which,  with  similar  fibres  or  collaterals  p^ussing  from  the 
*  cerebellum  or  other  centre  to  the  third  and  fourth  nucleus, 
afford  a  more  mtional  explamttion  of  the  c*x»rdinated 
action  of  these  nuclei.  Mor(30ver,  v.  Bechterew^*  con- 
siders the  cerebellar  superior  olivary  tract  which,  through 
the  superior  olives,  makes  c^onnection  with  the  sixth 
nucleus  as  an  efferent  cerebellar  path  for  ocular  move- 
ments. 

In  a  similar  way,  perhaps,  may  lie  explained  the 
coordinated  rt^lation  of  the  seventh  and  third,  as  well  as 
of  the  other  cranial  nerve  nuclei, 

5.  With  the  cerebellum.  These  paths  have  not  beettl 
satisfactorily  demonstrated,  v.  Bechterew  states  that  a 
continuous  connection  exists  between  the  third  nucleus 
and  the  cereU'lluin,  by  which  tlie  latter  Ix^oraes  in- 
structed as  to  the  position  of  the  eyeballs  and  the  condi- 
tion of  the  pupil.  Those  pathways  lie  in  the  superior 
peduncle  of  the  op|x*8ite  side.  The  relation,  therefore, 
between  the  oculo-motor  nucleus  and  the  cerebellum  is  a 
crossed  one. 

V.  Bechterew,*^  however,  in  discussing  the  centrifugal 
function  of  the  spinal  bundle  of  the  middle  jDedunele  and 
of  the  cerebellar  superior  olivary  tract,  states  that  the 
fibres  passing  in  the  superior  peduncle  to  the  ocido-motor 
nucleus  of  the  opposite  side  are  also  eerehwllo-elTerent  for 
the  control  of  reflex  CM:ular  movements.  The  relations  of 
the  third  nucleus  to  tiie  seventh  and  to  the  other  cranial 
nerve  nuclei  are  probably  mainly  through  the  cerebellum 
via  the  superior  peduncle,  and  thence  through  efferent 
cerebellar  paths,  including  those  in  the  posterior  longi- 
tudinal fasciculus. 

The  fourth  nucleus  lies  near  the  middle  line,  just 
caudad  to  tlie  third  nucleus,  from  ivhich  it  is  sef)aral 
hy  a  small  interval.  It  seems  to  lie  in  a  distinct  depres-' 
sion  on  the  posterior  longitudinal  fasciculus.  It  is  2  mm 
long,  and  exktnd*  from  a  point  opposite  tlie  8U[)erior 
border  of  the  inferior  colli  cuius  to  the  lower  pule  of  the 
collicxdus.     It  i%  in  relation  w  ith  the  cortex  of  the  \tiferior 
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ence  it  is  often  calkd  the  nucleus  nf  the  post-erior  longi- 
tudinal fiisciciilus- 

It  is  gtatt*d  OS  prolmble  that  the  oculo-motor  fibres 
decussate  in  the  caudal  portion  of  the  chief  nucleus. 
TBUchidn'*  and  oth<^rs  maintain  that  some  decussation 
takee  phice  throughout  the  greater  part  of  the  micleus. 

The  connections  <»f  the  third  nucleus  are  as  follows: 

1.  With  the  cerebral  cort-ex :  (a)  With  tlie  posterior  por- 
tion of  the  BPc^nd  and  third  frontal  convohitions,  chiefly 
of  the  oppositx^  side.  This  connection  is  direct  via  the 
corona  radiata,  inti^rnal  capsule,  and  cerebral  pixlimcle, 
and  was  first  denionstrat^d  by  Ferrier,**and  independently 
hyMunk.  (h)  With  the  occipital  cortex  about  the  visual 
ares.  This  connection  is  also  mainly  crossed,  and  repre- 
Bonts  a  motor  ocular  path,  as  demonstrated  by  Bchafer 

nd  Brown. *^  The  path  is  indirect  via  the  optic  radia- 
tion, superior  hrachiujn,  and  superior  colliculi.  Ferrier 
also  got  ocular  movements  from  th  is  area,  but  considered 
;tbem  as  associated  movements  (synkineses) . 

2.  With  the  primary  visual  centres  vifi  the  superior 
colliculi, 

8.  With  the  nuclei  of  the  fourth  and  sixth  cranial 
nervx^s  and  with   Dp  iters*   nucleus.       These   connections 
I       are  supposed  t«  be  by  way  of  the  posterior  longitudinal 
^B  fasciculus. 

^"         4.    W^ith  the  nucleus  of  the  facial  nor\^o  via  the  pos- 
terior longitudinal  fasciculus.     This  connection  is  assumed 
to  explain  the  aspociatt^d  action  of  the  third  and  seventh 
nerves  in  contractions  of  the  orbicularis  palpebrarum  and 
■^■comigator  sujiercilii  miiscles. 

^H  As  previously  stated,  the  simple  direct  communication 
^■lietwe*?n  the  ocular  nuclei  and  Deitcra'  nucleus  cannot  be 
^B  a^jci^pted  as  fully  exphiining  the  coordinated  actions  of 
^B  the  vari<nis  functionally  related  Btructures.  Thus  Duval 
^m  and  Laborde*'  showed  that  irritation  of  the  sixth  nucleus 
^■caused  lateral  conjugate  movements  of  the  eyelmlls,  and 
^■explained  the  results  by  asserting  that  the  sixth  nucleus 
^B sends  fibres  through  the  jxjsterior  longitudinal  fasciculus 
^Hto  the  centn3  ff>r  th(^  opposite  internal  rectus  in  the  third 
^B nucleus.  But  Scbafer  "  whilst  admitting  that  fibres  from 
^^  the  posterior  longitudinal  faseicuhis  enter  the  sixth  and 
third  nuclei,  insists  that  such  fibres  end  in  these  nuclei, 
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and  that  no  fibres  from  tlie  sixth  or  third  nucleus  enter 
the  posterior  longitudimil  fasciculus.  The  fibres  of  the 
posterior  longitudinal  fasciculus  to  tlie  sixth  nucleus 
more  probably  represent  efferent  cerebellar  or  other  paths 
which,  with  similar  libres  or  collaterals  p^issing  from  the 
cerebellum  or  other  centre  to  the  third  and  fourth  nucleus, 
afford  a  more  rational  explaniition  of  the  coordinated^ 
action  of  these  nucleh  Moreover^  v,  Beehterew^^  con- 
eiders  the  cerebellar  superior  olivary  tract  which,  through 
the  superior  olives,  makes  connection  with  the  si3tth 
nucleus  as  an  efferent  cerebellar  path  for  ocular  move- 
ments. 

In  a  similar  way,  perha])s,  may  be  explained  the 
coordinated  relation  of  the  seventh  and  third,  as  well  as 
of  the  other  cranial  nerve  nuclei. 

5.  With  the  cerebellum.  These  paths  have  not  been 
satisfactorily  demonstrated,  v.  Bechterew  slides  that  a 
continuous  connwtion  exists  between  the  third  nucleus 
and  the  cerebellum,  by  which  the  latter  becomes  in- 
structed as  to  the  position  of  tbe  eyeballs  and  the  condi- 
tion of  the  pupil.  These  pathways  lie  in  the  superior 
peduncle  of  the  opposite  side.  The  relation,  therefore, 
between  the  oculo-motor  nucleus  and  the  cerebellum  is  a 
crossed  one. 

V.  Bechterew/^  however,  in  discussing  the  centrifugal 
function  of  the  spinal  bundle  of  the  nnddle  peduncle  and 
of  the  cerebellar  superior  olivary  tract,  states  that  the 
fibres  passing  in  the  sujwrior  peduncle  to  the  oculo-motor 
nucleus  of  the  opposite  side  are  also  cerebi:»llo-eflferent  for 
the  control  of  reflex  ocidar  movements.  The  relations  of 
the  third  nucleus  to  the  seventh  and  to  the  other  cranial 
nerve  nuclei  are  probably  mainly  through  the  cerebellum 
via  the  superior  |)eduiicle,  and  thence  through  efferent 
cereljellar  paths,  including  tbose  in  the  ]_x»sterior  longi- 
tudinal fasciculus. 

Tbe  fourth  nucleus  lies  near  the  middle  line,  just 
caudad  to  the  third  nucleus,  from  wbich  it  is  separated 
by  a  small  interval.  It  seems  to  lie  in  a  distinct  depres- 
moTi  on  the  posterior  longitudinal  fasciculus.  It  is  2  mm 
long,  and  extends  from  a  ]x>int  oppot<ite  tlie  superior 
border  of  the  inferior  coUiculus  to  the  lower  pole  oi  the 
colliculus.     It  is  in  relation  with  theeorto^of  the  iuferior 
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frontal  convolution  of  the  opposite  Bide  through  fibres 
that  pass  by  way  of  the  corona  radiata,  internal  capnule, 
and  cerebral  peduncle.  It  is  stated  that  this  nucleus  is 
in  relation  with  the  third  and  sixth  nuclei  through  the 
posterior  longitudinal  faaciculus.  For  reasons  already 
stated,  it  is  preferable  to  consider  these  relations  as  made 
mainly  through  the  cerebellum  or  other  coordinating  cen- 
tre, and  not  directly  by  fibres  passing  between  the  nuclei. 
The  fibres  arising  in  the  nucleus  pass  laterally  and  ven- 
trally  in  the  tegmentum  for  a  short  distance,  and  then 
course  in  a  median  direction  and  dorsalward.  They 
tjitallVj  or  almost  totally,  decussate  in  passing  through  the 
anterior  end  of  the  superior  medullary  velum,  and  emerge 
from  the  surftice  of  the  latter  at  the  side  of  the  frenulum 
veli  in  two  small  bundles,  which  pierce  the  pia  and  unite 
to  form  the  trunk  of  the  nerve.  The  fourth  nucleus  does 
not  sciem  to  bear  any  close  functional  or  anatomical  rela- 
tion to  that  of  the  seventh » 

The  sixth  nucleus  consists  of  multipolar  cells  lying  in 
the  dorsal  part  of  the  tegmentum  of  the  pons,  and  under- 
neath the  fltx>r  of  the  fourth  ventricle.  It  is  situated 
anterior  i/j  the  atrioa  acusticte,  Ix'neath  the  erainentia 
teres,  and  ventral  to  and  within  the  loop  formed  by  the 
libres  on  their  way  to  form  the  seventh  nerve.  The  sixth, 
like  the  third  and  fourth  nuclei,  is  related  to  the  frontal 
<xado-motor  area  of  the  cerebral  cortex  of  the  opposite 
side.  The  decussation  of  tlie  cortical  paths  takes  place  at 
the  level  of  the  nucleus,  and,  according  to  some  observers, 
thnjugh  the  nucleus.  The  nucleus,  it  is  stilted,  is  in  rela- 
tion with  the  third  nucleus  of  the  opposite  side,  and  with 
the  superior  olive,  and  the  cochlear  and  vestibidar  nuclei 
through  the  posterior  longitudinal  fasciculus.  For  rea- 
sons already  stated,  these  connections  probably  represent 
in  the  main,  efferent  cerebellar  paths,  i.e.,  part  of  the 
common  paths  originating  in  the  cerebellum,  and  sending 
fibres  or  az^llatends  to  each  of  the  associated  nut^lei.  The 
sixth  nerve  makes  its  exit  through  the  post<>ri<ir  part  of 
the  ix>ns,  between  the  latter  and  tiie  meduUo  oblongata. 
In  the  cavernous  sinus  it  is  situated  first  above  and  then 
to  the  outer  side  of  the  carotid  aitery,  and  ptisses  through 
the  superior  orbital  fissure,  to  join  the  external  Rectus 
muscle.     The  sixth  is  the  longest  of  the  cranial  nerves. 
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From  these  cells  in  turn  originate  tlie  fibres  of  the  veeti- 
bulo-spinal  tract  wliicb,  after  traversing  the  medulla,  onter 
the  antero-latt?nil  column  of  the  cord,  and  end  in  relation 
with  the  motor  ro^jt  cella.  A  short^jr  and  more  direct 
path  for  vestibular  reflexes  may  probably  be  formed  by 
the  collaterals  of  the  vt^stibular  filtres  that  end  arunnd  the 
spinal  neurones  of  DLot<3rs*  nucleus;  but  the  objection 
already  put  forward  against  the  simple  direct  connection 
l)etween  afterent  cochlt^ar  fibres  and  the  oculo-motor  centres 
holds  as  well  here  aa  in  the  caBO  of  vestibular  fibres.  Such 
connections  cannot  accoimt  for  the  more  complex  coordi- 
nat(3d  movements  of  ecjuilibmtion  wliich  poatulate  a  higher 
coordinating  mechanism.  The  vestibular  and  cochlear 
nuclei  are  nutrient  relay  centres — coordinating  centn^s  of 
a  lower  order  i^erhaps  but  related  to,  and  acting  in  accord 
with,  higher  coordinating  centres  that  regulate  and  con- 
trol the  more  complicated  movements  c<.m8equent  on  coch- 
lear or  vestibular  irritation.  In  those  caaes  wher^  there 
seems  to  be  a  direct  connection  between  the  vestibular 
fibres  and  the  motor  centreg,  e.g.,  those  fibres  mentioned 
as  going  to  the  abducent  nucleus^  it  is  probable  that  auch 
fibres  are  mainly  efferent  and  carry  impulses  from  the 
cerebellum  or  other  higher  centres,  which  coordinate  the 
movements  of  the  eyes  with  the  movements  executed  by 
other  muscles  in  response  to  labyrinthine  stimulation. 
The  same  baa  t<3  be  said  of  many  fibres  in  the  jxjsterior 
longitudinal  fasciculus,  which,  undoubtedly,  convey  co- 
ordinating impulses  that  harmonise  the  actions  of  motor 
ner^'e  centres  sitiiak^d  at  some  distance  from  each  other, 
a  notable  inshmce  l>eing  that  of  the  abducens  centre, 
which  works  in  harmony  with  the  centre  for  the  internal 
rectus  muscle  of  the  opposite?  aide.  In  the  nystagmic 
movements  obser^^ed  in  irrigations  of  the  external  audi- 
toiy  canal,  undoul^tedly  the  fibres  from  Deiters'  nucleus 
to  the  posterior  longitudinal  fasciculus  play  an  important 
role;  but,  as  before  stated,  these  fibres  probably  do  not 
represent  a  direct  immediate  connection  between  the  vea- 
tibular  fibres  and  the  posterior  longitudinal  fasciculus, 
but  are  to  be  considered  in  part  at  least  as  efferent  fibres 
from  the  cereljellmn  or  other  coordinating  centre. 

In  fishes  the  vestibular  nerve  is  in  close  functional 
relation  with  the  mesencephalic  centres  of  the  opposite 
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Bide  (Loeb  ^) ,  whilst  almost  all  the  optic  fibres  pass  to 
the  same  centres  (Parsons  **) .  In  fishes,  therefore,  and  in 
the  lower  forms  of  animals  generally  it  is  reasonable  to 
assign  important  fmictions  in  the  maintenance  of  equili- 
brium to  tiie  mesencephalic  centres. 


CHAPTER  ni 

THE  REMAINING   CRANIAL   NERVES 

Of  the  rpiimining  cranial  norves  the  first  or  < 
is  the  only  sensory  nerv^e  in  man  in  whicii  the  neurones 
(c^'li  bodies)  of  the  finst  ordcM"  are  sitimted  cm  the  surface, 
like  the  Benj^sory  t^ells  of  Bome  of  the  in%^ertebjateB.  These 
lattar  cells  represent  the  cell  bodies  of  the  posterior  spinal 
ganglia,  which  have  wandered  to  the  surface  epitheliiun 
(Reteiiis*^).  For  the  ct^ntral  relatione  of  the  olfactory 
nerve  see  "the  rhinencepbalon''  in  the  syuopsis  of  ana- 
tomical conn«^tionB. 

The  second  or  optic  nerve  is  not  a  true  nerve,  but  a 
■piLTt  of  the  brain  BuliBtance.  The  true  optic  nerve  com- 
ponents are  the  sensory  neurones  of  the  first  order  lying 
within  the  retina  itself.  As  the  dorsal-Bpinal-ganglion 
cells  emigrate  from  the  neural  crest  at  an  early  age  to 
form  the  neurones  of  the  first  order  of  the  eensory  spinal 
nerves,  and  lose  their  connection  with  the  cord  to  regain 
it  later  on,  it  ia  manifest  tliat  the  analogy  between  the 
optic  and  the  eensoiy  spinal  elements  is  incomplete,  sinc^ 
the  retina  develops  entirely  from  the  invaginat^f'd  optic 
vesicle.  For  the  centnil  connections  of  the  optic  nerve 
see  '  *  Anatffln ical  Synops is. ' ' 

The  third,  fourth,  and  sixth  nerves  are  purely  motor, 
and  arise  from  their  respective  nuclei.  As  neuro-tendi- 
nous  organs,  similar  to  the  Golgi-Mazzini  corpuscles,  have 
l>een  demonstrated  in  the  tendons  of  the  extc?rnal  ocular 
muscles,  and  as  the  degree  of  ccmvergence  of  the  eyebaUs 
has  much  to  do  with  accommodation  reflexes,  it  is  prob- 
able that  tlie  third  nerve  has  afferent  paths  for  acconmio- 
dati on  reflexes  and  for  purposes  of  reciprocal  innervation. 

The  nucleus  of  the  third  nerve  is  medially  situat^^d 
deep  within  the  grey  matter  of  the  aqueduct  of  Sylvius, 
near  the  dorsal  surface  of  the  postijrior  longitudinal  fasci- 
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cuius.  The  nucleus  is  6-8  mm  long,  and  extends  from 
the  level  of  the  caudfll  pole  of  the  superior  colliculi  (from 
iderneath  superior  colliculi  and  part  of  third  ventricle, 
according  to  Quain*')  almost  to  tbe  level  of  the  fourth 
nucleus,  from  which  it  is  separated  by  a  narrow  iriteiTal. 
The  grouping  of  the  nerve  ceUs  of  the  third  nucleus  is  as 
f  ollow  B : 

1.  A  paired  group,  consisting  of  long  columns  of  cells 
— ^the  chief  nuclei — extending  along  the  dorsal  surface  of 

Hi  posterior  longitudinal  fasciculi.  Tht'se  chii^f  nuclei 
subdivided  into  (a)  dorsal  (lat-eral)  and  (b)  ventral 
['(mesial)  cell  groups.  Dislocated  groups  of  cells  of  the 
chief  nucleus  lie  scattered  among  and  beneath  the  fibres 
of  the  posterior  longitudinal  fa^^cicidus. 

2.  Dorsal  to  the  chief  nucleus  and  overlying  the  ix)s- 

>rior-median  surhu*e  is  the  tapering  column   of   small 

^rve  cells — ^the  Edinger-Wostphal  nucleus.     The  mass  of 

is  nucleus  is  thicker  above  than  below  (cjtudad),  and  is 

divided  into  dorso-lateral  and  ventro-median  portj'ons  at 
the  ctiudid  jKile,  though  fused  at  the  cepl:talic  extremity. 
There  is  question  as  to  whether  the  Edinger-U^^stphal 
lucleus    is  related   to  the  third    nerve.     In   the   dorsal 
[inferior)  group  of  cells  maybe  distinguished  six  second- 
groups.     Two  of  these  lie  lateral  to  the  others,  and 
(Uiewhat  dorsallj.     The  remaining  four  are  placed  more 
lesially    and   one^    which    is    in   the    middle  line — the 
lucleus  medialis— is  cxjmmon  to  the  oculo-motor  nerve  of 
ich    side»     Experiments  on   aniinals   and    pathological 
>b8ervations  in  man  seem  Uy  show  that  the  oculo-uiotor 
centres   are   grouped   as   aliove;  that   is,  that  they  are 
divided  into  a  superior  and  an  inferior  or  dorsal  group, 
and  again  into  a  mesial  mid  a  lateral  group.     The  ante- 
ior  (superior)  part,  of  thfi  oculo-raotor  nucleus  has  smaller 
jUs  than  the  rest  of  the  nucleus,  and  extends  forward 
Into  the  wall  of  the  third  ventricle.     Hensen  and  Yolck- 
erg^  have  shown  by  direct  api>lication  of  the  electrodes  in 
le  dog  that  most  anteriority  in  the  w^al!  af  the  third  ven- 
ricle  is  the  centre  for  aceommudation.     Behind  this,  and 
lore  laterally  situated  than  the  former,  is  the  centre  for 
mstriction  of  the  iris.     At  the   jimction  of  the  third 
>ntricle  with  the  afpieduct  of  Sylvius  is  the  centre  for  the 
jtufi  internuSj  behind  which,  in  order  Imckward,  are  the 


20 


SEMICIRCULAR  CANALS 


From  these  cells  in  turn  originatjs  the  fibres  of  tJae  vesti- 
biilo-spinal  tract  which,  after  traversing  the  inediilla,  enter 
the  anbero-hitc^ral  cohiran  of  the  cord,  and  end  in  rtdation 
with  the  motor  root  cella.  A  shorter  and  more  direct 
path  for  vestibular  refli'xes  may  prol>ably  bo  formed  by 
the  collaterals  of  the  vestibular  fibres  that  end  aroiintl  the 
Bpiiial  neurones  of  Deitera'  nucleus;  but  the  olijection 
already  put  fonvard  against  the  simple  direct  connection 
Ixjtween  afferent  coclilear  fibres  and  the  ocido-niotor  centres 
holds  aa  well  bore  i\s  in  the  case  of  vestibular  fibres.  Such 
connections  ciinnot  accoimt  for  tlie  more  complex  coordi- 
nated movements  of  equilibration  which  jx>stulate  a  higher 
coordinating  mwhanisra*  The  vestibular  and  cochlear 
nuclei  are  nutrient  relay  centres — coordinating  centres  of 
a  lower  order  perhaps  but  related  to,  and  acting  in  accord 
with  J  higher  coordinating  centres  that  regulate  and  con- 
trol the  more  complicated  movements  consequent  on  coch- 
lear or  vestibular  irrittition.  In  those  cases  wherd  there 
eeems  to  bo  a  direct  connection  iDetween  the  vestibular 
fibres  and  the  motor  centres,  e.g.,  those  fibres  mentioned 
as  going  to  the  abducent  nucleus,  it  is  probable  that  such 
fibres  are  mainly  efferent  and  carry  impulses  from  the 
cerebellum  or  other  higher  centres,  which  coordinate  the 
movements  of  the  eyes  with  the  movements  executed  by 
other  muscles  in  response  to  labyrinthine  stimulation. 
The  same  baa  to  be  said  of  many  filires  in  the  p<:>aterior 
longitudinal  fasciculus,  which,  undoubtetlly,  convey  co- 
ordinating inipulses  that  harmonise  the  actions  of  motor 
nerve  centres  situated  at  some  distjince  fnira  each  other, 
a  notable  instance  Ixdng  that  of  the  abducens  centre^ 
which  works  in  harmony  with  the  centre  for  the  internal 
rectus  muscle  of  the  oppo8it<3  side.  In  the  nystagnaic 
movements  observed  in  irrigations  of  the  extemtil  audi- 
tory canal,  undoul^tedly  the  fibres  from  Deiters'  nucleus 
to  the  posterior  longitudinal  fasciculus  play  an  important 
role;  but,  as  before  stated,  these  fibres  probably  do  not 
represent  a  direct  immediate  connecti(*n  Iwtween  the  ves- 
tibular fibres  and  the  posterior  longitudinal  fasciculus, 
but  are  to  be  considered  in  part  at  least  as  efferent  fibres 
from  the  cerel->ellum  or  other  coordinating  centre. 

In  fishes  the  vestibular  nerve  is  in  close  hmctional 
relation  with  the  mesencephalic  centres  of  the  opposite 
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side  (Loeb  ^) ,  whilst  almost  all  the  optic  fibres  pass  to 
the  same  centres  (Parsons  **) .  In  fishes,  therefore,  and  in 
the  lower  forms  of  animals  generally  it  is  reasonable  to 
assign  important  functions  in  the  maintenance  of  equili- 
brium to  tiie  mesencephalic  centres. 
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side,  which  pass  to  the  optic  thalamus.     From  the  latter 
they  are  rHhijfid  to  the  cerebral  cortex. 

2.  Fil>res  that  pass  to  the  cerebflhim,  mainly  of  the 
opposite  Bide,  as  part  of  the  nucleo-coreboLlar  tract. 
Ross-^  considered  the  cells  of  the  seTLSory  part  of  the 
vagiis  as  the  analogues  of  the  vesicular  cells  of  Clarke's 
column, 

8.  Fibres  to  various  other  nuclei  and  centres  in  the' 
medulla,  such  as  the  vaso-motor  and  respiratory  centres. 

Tbe  sensory  portion  of  the  vagus  raediateg  seusation 
from  the  mucouB  meinbraiie  of  the  pharynx  (branch  from 
the  ganglion  of  the  trunk),  larynx,  trachea,  ffisoplmgus, 
stomach,  intestines,  gall-l^ladder,  gall-ducts,  and  from 
the  lungs  and  poricardiiun.  The  auricular  branch  from 
the  ganglion  of  the  nxjt  supplies  tbe  skin  of  the  posterior 
p^^rt.ion  of  the  auricle  and  the  posterior  inferior  portion  of 
the  external  auditc^ry  canal. 

Besides  the  above  there  are  special  fibres  to  the  heart, 
liverj  spleen,  pancreas,  kidneys,  adrenals,  and  possibly  to 
the  intestinal  blood-vessels. 

The  bidbar  or  accessory  portion  of  the  eleventh  nerve  is 
generally  admitted  to  be  an  integral  part  of  the  motor 
division  of  the  tenth.  It  is  still  a  question  as  to  the 
xdtimate  distribution  of  these  fibres  as  well  ae  to  that  of 
some  of  the  motor  fibres  of  the  tenth  nerve  proper. 

Van  Gehucten^  believes  that  the  accessory  fibres  are 
distributed  chiefly  to  the  larynx  ;?mthe  inferior  laryngeal 
nerve,  a  branch  of  the  t*'nth,  and  do  not  reach  the  heart 
or  stomach.  Bnmt<jn^  concluded  that  the  inhibitory 
cardiac  fibres  originate  in  the  accessory  nucleus.  The 
efferent  fibres  to  the  heflrt  from  the  tenth  nerve  proper  are 
most  probably  inhibitory,  and  it  is  still  a  question 
whether  they  reach  the  heart  nuiscle  directly  or  end  about 
neurones  within  the  heart  structure. 

The  efferent  fibres  of  the  tenth  to  the  stomach  and 
intestines  include  motor,  inhibitory,  and  secretory  fibres. 
It  is  stati^d  that  some  of  the  fibres  affect  the  calibre  of  the 
blood-vessels  of  the  stomach  and  liver,  but  Burton -Opitz  ** 
has  shown  that  no  vaso-motors  for  the  stomach  or  liver 
run  in  the  pneuniogastric  ner^^e.  The  motor  fibres  of  the 
tenth  nerve  originate  in  the  ceils  of  the  motor  port.ion  of 
the  dorsal  nucleus,  and  in  those  of  the  nucleus  ambiguus, 


ANATOMY 


S5 


more  or  less  in  common  with  the  motor  filires  of  the  ninth 
nerve.  The  accessory  fibres  s|>ring  from  cells  located 
within  the  nucleus  ambigiius  only.  The  fibres  from  the 
nucleus  ambiguuB  at  iirst  pass  bfic^kward  t/oward  the  floor 
of  the  fuurtJi  ventricle,  and  then  bend  ehaq^ly  outward, 
and  bo<^^ome  condensed  into  compact  strands  that  receive 
motor  fibres  from  the  dorsal  nucleus.  From  thin  point 
they  proceed  ventro-latemlly  with  the  senaory  fibres  to  the 
superficial  origin  of  tlio  nerve. 

The  eleventh  or  accessory  nerve  is  a  purely  motor  nerve 
supplying  the  atemo-mastoid  and  trapezius  muscl<*s.  Its 
upper  metlullary  roota  spring  from  the  cells  of  the  motor 
portion  of  the  dorsal  nucleus,  w^jich  gives  origin  to  tlie 
vagus,  whilst  its  lower,  spinal  roots  sjiring  from  the 
anterior  Jiom  of  the  grey  matter  of  the  cord,  as  low  as  the 
fifth  or  seventli  segment.  Tlie  relation  of  tJie  upper  ])(>r- 
tion  of  this  ner%^e  to  the  vagus,  of  which  it  is  considered 
to  be  a  part,  has  already  been  discussed. 

The  twelfth  or  hypoglossal  is  also  a  pure  motor  nerve 
supplying  the  muscles  of  the  tongue,  the  extrinsic  mus- 
cles of  the  larynx,  and  thrwe  attached  to  the  hyoid  lx>ne. 
Ita  fibres  originat-e  in  a  distinct  nucleus  lying  in  the  floor 
of  the  fourth  ventricle  near  tlie  middle  line. 

The  eleventh  and  twelfth  nerv^es,  like  the  other  motor 
craaiial  nerves,  are  related  to  the  cerebral  cortex  of  the 
opposite  side.  They  are  also  related  to  the  other  cranial 
nuclei  to  some  extent  through  the  cereljelliun.  It  is  stat/cd 
that  the  third,  seventh,  and  twelfth  nuclei  are  in  intimate 
relation.  The  objections  urged  aga  inst  the  simple  direct  re- 
lations between  the  cranial  nucltd  render  it  probable  that 
the  chief  relation  between  these  three  nuclei  is  an  indirect 
one  through  thenif^diumof  a  common  coordinating  centre, 
BUch  as  the  cerebellum. 

Gaskell  ^  has  shown  that  every  spinal  segment  has  a 
somatic  and  a  splanrhnic  root.  Each  somatic  root  is 
divided  into  a  gangliomited  and  a  non-ganglionated  jx^r- 
tion  springing  from  the  cells  of  tJie  posterior  (dorsal- 
epinal-root  ganglion)  and  anterior  horns  rcy^peetively. 
The  splanchnic  root  is  also^ivided  into  ganglionated  and 
non-ganglionated  jiortions,  which  spring  from  the  cells 
of  the  lateral  horn  and  tliose  of  Clarke's  colunm  respect- 
ively.    The  ganglia  of  the  splanchnic  root  are  the  ganglia 
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of  the  sympathetic  chain,  and  are  the  homologues  of  the 
ganglion  trunci  vagi.  Thus  in  the  eleventh  nerve  the 
somatic  root,  besides  sending  a  branch  to  the  cervical 
plexus,  is  distributed  to  the  stemo-mastoid  and  trapezius 
muscles,  whilst  the  splanchnic  root  from  the  lateral  horn 
is  distributed  to  the  viscera. 


BLOOD-SUPPLY   OF  THE   LABYRINTH   AND    OF   THE 
CRANIAL  NUCLEI 

The  labyrinth  is  supplied  by  the  internal  auditory 
artery,  a  branch  of  the  basilar,  which  accompanies  the 
auditory  nerve.  This  vesstil  supplies  the  vestibule,  semi- 
circuliir  canals,  cochlea,  and  their  membranoua  contents. 
The  intf?rmil  aiidik>ry  divides  into  the  common  cochlear 
(Siel^enmann)  and  the  internal  vestibular  artery.  The 
latter  vessel  supplies  the  vestibule.  The  former  divider 
into  t\^'o  branches,  one  of  which,  the  cochlear  art*?ry 
proper,  supplies  the  two  su[wrior  spirals  of  the  cochlea, 
whilst  the  other — the  vestibulo-cochlear  arteiy— supplies 
the  inferior  spiral  of  the  cochlea  and  the  vestibule.  The 
blood  is  returned  by  the  internal  auditory  vein  into  the 
Bup«:?rior  petrosal  sinus,  and  by  small  veins  which  pass 
through  the  cochlear  and  vestibular  aqueducts  to  the 
inferior  and  superior  petrosal  sinxisea.  Siebenmann 
found  that  the  veins  from  all  the  semicircular  canals 
united  in  a  common  trunk,  which  leaves  the  labyrinth 
along  the  aqua?ductus  vestibuli;  but  Shambaugh '  found 
that  in  the  sheep,  calf,  and  pig  the  venous  blood  from 
the  vestibule  and  semicircular  canals  drained  into  the 
canal iculi  coclile.^e,  but  that  in  the  calf  the  vein  from  the 
cms  commune  often  leaves  the  labyrintli  along  the  aquse- 
ductus  vestibuli. 

The  labyrintliine  artery  is  thus  a  part  of  the  central 
brain  system,  and  susceptible  of  similar  pathological 
changes. 

The  branches  to  the  cochlea,  vestibule,  and  semicircu- 
lar canals  fonn  delicate  convolutions  in  intimate  relation 
with  the  cochlear  and  vestibular  nerve  elements.  Wit- 
maack,^  discussing  the  causation  of  senile  deafness, 
attributes  tJie  latter  te  disturbed  nutrition  i>f  the  cochlear 
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nerve,  caused  by  aiterio-sclerosis.  The  '*  elective  vulnera- 
bility' '  of  the  cochlear  branch  of  the  auditory  nerve  is 
due,  in  part,  to  the  fact  that  this  nerve  is  imbedded  in  a 
bony  capsule,  partly  surrounded  by  broad,  lymphatic 
spaces.  The  blood-vessels  are  end  arteries,  whilst  the 
gfinglion  cells  of  the  cochlear  ganglion  are  bipolar,  and 
are  much  smaller  than  all  other  ganglion  celk  found  in 
vertebrates. 

The  vessels  of  the  labyrinth  are  not  affected  by  intra- 
cranial pressure  like  those  of  the  retina,  because  most  of 
the  venous  blood  and  lymph  passes  from  the  aqu^eductus 
cochleae  into  the  jugular  vein.  In  conditions  like  tumor 
of  the  brain  tlie  ear  presents  no  sign  analogous  to  the 
retinal  choked  disc. 

The  region  of  the  third  nucleus  is  supplied  by  small 
delicate  branches  of  the  posterior  cerebral  artery.  These 
branches  are  end  arteries;  that  is,  they  form  no  anasto- 
moseSj  and  have  no  communictition  witli  the  vascular  sys- 
tem of  bordering  regions.  Moreover,  these  brttnches 
change  from  a  horizontal  to  a  vertical  course,  and  they, 
as  well  as  the  superior  and  middle  cerebellar  arteries 
(branches  of  the  basilar)  originate  at  a  point  where  the 
carotid  and  basilar  blood-stroams  meet.  These  facts 
have  been  adduced  to  explain  the  momentary  nystagmus, 
vertigo  and  disturbances  of  vision  which  attend  sudden 
stooping  and  rising  to  the  erect  jx^sition,  the  chief  factor 
in  the  causation  of  these  symptoms  being  sudden  altera- 
tion in  the  blood-supply  of  the  ocular,  cerebellar,  and  other 
centres. 

The  pons  and  medulla  are  supplied  by  the  vertebral 
arteries  and  by  branches  springing  from  them,  viz.,  the 
baj^ilar  and  anterior  spinal.  The  latter  supplies  the 
medulla  oblongata  and  the  nuclei  situated  in  its  lower 
region,  including  the  eleventh  and  t^velfth.  The  tifth, 
sixth,  and  seventh  luiclei  are  supplied  by  branches  of  the 
basilar.  The  medulla  oblongata  receives  further  blood- 
Bupply  from  bnmches  of  the  dorsal  spinal,  posterior  cere- 
bral, and  inferior  and  poet<erior  cerebellar  aiix^ries.  The 
central  ailx^ry  of  the  medulla,  a  branch  of  the  basilar, 
sends  delicate  branches  to  the  cochlear  and  vestibular 
nuclei.  A  branch  of  the  posterior  communicating  artery 
furnishes  a  terminal  to  the  red  nucleus.     The  vermis  of 


the  cerebeUum  receivee  a  branch  from  the  superior  cere- 
bellar artery,  whilst  the  nucleus  dentatua  is  supplied  by  a 
branch  from  the  middle  cerebellar.  The  cerebral  peduncle, 
through  which  pass  the  bulbo-cerehral  and  cerebello-cere- 
bral  paths  receives  branches  from  the  posterior  cerebral 
arteries.  Branches  from  the  posterior  communicating 
and  from  the  anterior  choroid  arteries  reach  the  internal 
capsule. 

It  is  stated  (Kyle  ")  that  affections  tending  to  obstruct 
the  vessels  supplying  the  cortical  centres  and  the  nuclei 
and  patlis  related  to  the  vestibular  system  may  cause  ver- 
tigo and  other  symptoms  usually  referred  to  disturbances 
within  the  labyrinth. 

In  general,  it  may  be  said  that  the  vascular  supply  of 
the  base  of  the  brain  is  faulty  from  the  standpoint  of 
colltitend  circidation.  Hence  the  ]3ersist*^nceof  s^Tiiptoms 
from  small  vascular  lesions  of  areay  adjoining  the  baae, 
lesions  which,  if  they  occurred  upon  the  convexity  of  the 
hemispheres,  would  easily  be  compensated  by  coUat^eral 
blood-supply.  The  area  of  the  third  nucleus  having  the 
poorest  blood-supply  of  any  part  of  the  bniin,  every 
serious  disturbance  of  the  circulation  has  its  effect  upon 
the  innervation  of  the  ocular  muscles.  Thus  in  x>rafound 
anaemic  states  from  loss  of  blood  or  other  cause,  and  in 
the  cachexia  of  wasting  diseases,  it  is  common  to  find 
disturbances  of  vision,  some  nystagnms,  and  vertigo. 
These  symptoms  are  similarly  encoimtered  when  a  person 
who  has  lain  in  bed  some  time  first  assumes  tlie  erect 
posture.  Here  the  vaso-rnotor  mechanisms  have  become 
disordered  from  disuse,  and  there  ensue,  when  the  patient 
first  att-empts  to  stand  up,  temporary  irregularities  in  the 
blood-supply  of  the  ocular  and  possibly  other  centres. 


CHAPTEE  V 
SYNOPSIS   OF  ANATOMICAL   CONNECTIONS 

Connections  of  the   Vestibular  Nerve 

The  vestibular  nerve  ends  in  the  vestibular  nuclei  of 
reception.     From  the  nuclei  fibres  pass : 

(a)  To  the  cerebelliir  roof  nucleus  of  the  opixmite  side 
a^  the  veatibulooerebellar  tract.  Risien- Russell  ^  and 
Ferrier  and  Turner®  fihovvcd  that  this  is  an  efferent  path 
between  the  vermis  and  Deit4?r8^  nucleus,  but  Kolliker, 
from  cmbryolagicixl  studies,  concludes  that  some  of  the 
fibres  are  axones  of  Deiters'  cells  a  few  coming  from  tho 
chief  auditory  nucleus. 

(b)  As  arcuat*e  fibres  passing  ventro-medially  into  the 
teginenturri  of  the  pons  to  cross  the  middle  line,  and  so 
liend  upward  and  downward  to  reach  other  levels.  Some 
fibres,  however  J  remain  on  the  same  side.  Of  the  crossed 
fibres  some  are  said  to  join  the  mesial  fillet  to  reach  the 
thalamus  and  sui>erior  colliculi,  while  others  are  said  to 
join  the  lateral  fillet  and  so  reach  the  inferior  colliculi, 
and  possibly  the  auditory  cort-ex. 

(c)  Commissural  fibrils  between  the  nucleus  of  Bech- 
terew  or  superior  vestibular  nucleus  on  either  side. 

(d)  Fibres  to  the  abducent  nucleus,  CWdinier  and 
others  lx>lieve  that  each  vestibular  nucleus  sends  fibres  to 
the  abducent  nucleus  on  either  side.  Duval  and  Lalwrde 
showed  that  the  sixth  nucleus  was  connected  with  the 
third  and  fourth  nerve  nuclei  of  the  opposite  side^  and 
stimulation  of  the  area  of  the  sixth  nucleus  caused  tlie 
eyes  to  turn  to  the  side  of  stimulation.  This,  however, 
doee  not  prove  that  the  sixth  nucleus  co<3rdinatea  these 
movements.  Schafer  insists  that  no  fibres  cnt-er  the  pos- 
terior longitudinal  fasciculus  from  the  sixth  or  third 
nucleus.  Moreover,  it  is  not  apparent  why  the  fibres  to 
tho  aixth  nucleus  are  necessarily  the  direct  continuatioas 
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of  vestibular  fibre-paths,  and  not  the  oontinimtion  of 
descending  paths  from  the  cerebellum.  The  posterior 
longitudinal  fasciculus  is  in  intimate  relation  with  the 
nuclei  of  the  sixth,  third,  and  fourth  nerves,  and  receives 
numerous  fibres,  both  cr<:)S8ed  and  uncrossed,  from  the 
vestibular  (including  Deiters')  and  from  other  nuclei. 
Moreover,  when  eye  movements  take  place  in  response  to 
vestibular  stimulation  movements  of  other  parts  take 
place  concurrently  and  in  a  coordinat^^d  manner.  Hence 
but  little  importance  is  to  be  attached  to  this  connection 
between  tlie  vestibular  nerve  and  the  sixth  nucleus,  unless 
it  be  distinctly  understood  as  an  indirect  connection 
through  the  medium  of  the  cerebellum  or  other  coordina- 
ting centre  vm  the  vestibular  (Belters')  nucleus  or  the 
posterior  longitudinal  fasciculus,  or  both. 

(e)  CroBsed  and  imcrossed  fibres  to  the  posterior 
longitudimil  fasciculus. 

(f)  Fibres  to  the  spinal  cord.  These  fibres  com^ 
municate  with  the  olivary  body  and  lateral  columns. 
The  descending  vestibulo-olivary  tract  passes  to  the 
olivary  body  of  the  same  side  (Van  Giesen"),  whilst  the 
vestibulo-spinal  tract  passes  through  the  periphery  of  the 
latenvl  field  of  the  formatio  reticularis,  and  descends  in 
the  lateral  column  of  the  cord.  Its  ultimate  distribution 
is  unknown,  but  it  probably  ends  in  relation  with  the 
ventral  horn  cells. 

The  fibres  to  the  spinal  cord  and  superior  olive  are 
not  alt^ogether  to  be  considered  as  mainly  continuations  of 
paths  direct  from  the  vestibular  nerve.  For  the  reasons 
given  in  discussing  the  fibres  to  the  sixth  nucleus  these 
fibres  are  to  be  regarded  as  coming  in  part  from  the  cere- 
bellum via  Deiters'  nucleus.  The  latter  has  many  affer- 
ent and  efferent  neurones,  and  is,  therefore,  properly  con- 
sidered as  a  mlay  stfition  for  bfjth  afferent  and  enerent 
impulses,  ratiier  than  a  c<x>rdinating  centre  of  the  higher 
order.  More  recent  investigations  show  that  part  of  the 
ventral  (anterior)  marginal  fasciculus  (vestibulo-spinal 
tract)  comes  from  the  ro4>f  nucleus  of  the  cerebellum 
(Morris**).  The  eame  author  states  that  the  fibres  from 
the  vestibular  nucleus  to  the  abducent  nucleus  travel  by 
way  of  the  posterior  median  (longitudinal)  fasciculus  of 
both  sides. 
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The  vest ibulo-oli vary  tract  is  best  regarded  as  being 
in  jmrt.  at  least  the  continuation  (jf  vestibiilar  patJis  after 
interruption  in  Deiters'  nucleua.  Reaching  the  olive  on 
the  earae  side  the  fibres  cross  to  the  opposit'e  olive  and 
proceed  in  part,  to  the  cerebellum  by  way  of  the  restiforin 
body.  This  view  eeenjs  to  be  supported  by  v.  Bech- 
terew's  experiments,  in  which  lesions  of  the  inferior  olive 
caused  rotations  and  ocular  deviations,  exactly  like  "those 
following  section  of  the  vestibular  nen^e  on  the  same 
side.  The  tract  may,  thereforCj  be  called  the  crossed 
vefitibulo-olivo-cerebellar  tract,  whilst  the  descending  vea- 
tibulo-spinal  tract  may  be  called  the  cerebello- vestibulo- 
spinal tract.  The  olivary  fasciculus,  orHclwcg's  bundle, 
connects  the  spinal  nomones  with  the  olive  and  indirectly 
with  the  cereljellurn  (Morris), 

Much  confusion  is  created  by  anatomical  writers 
retaining  the  tenn^  '*  direct  sensory  cerebellar  tract  of 
Edinger."  This  tnict  was  described  by  Edinger  in  his 
earlier  work,  viz.,  ^'Twelve  Lectures  on  the  Stmcturo  of 
the  Central  Nervous  System.*^  In  bis  later  work,  *'The 
Anatomy  of  the  Central  Nervous  System  of  Man  and  of 
the  Vertebrates  in  General,"  Edinger  himself  discards  the 
term,  * 'direct  sensory  cereMlar  tract,"  saying:  *Mt  is 
wiser  at  present  to  designate  the  system  as  tractus  cere- 
bellaris  acusticaj  etc."  We  may,  therefore,  conclude 
that  the  direct  sensory  cerebellar  tmct  contains  nothing 
more  by  way  of  afferent  ]mths  than  what  is  included  in 
the  sensoiy  nucleo-cerebellar  paths  (q.v. }. 

According  to  Cunningham, ^^  K>otli  the  principal  nucleus 
and  the  nucleus  of  Deiters  are  in  intimate  relation  with 
the  superior  wonn  of  the  cerebellum,  Deiters  himself,  as 
well  as  FeiTier  and  Turner,  Ijeli eve  that  Deiters'  nucleus 
is  an  internode  befrft^een  the  cereljcllum  and  the  cord. 
Ferrier  and  Turner  adduce  strong  evidence  to  supjiort  this 
view.  But  Kolliker  has  shown  that  some  of  the  paths 
are  afferent,  i.e.,  to  the  cerebellum.  Klemoff**  believes 
the  axones  of  Dieters'  nucleus  form  the  ventnil  (anterior) 
tract  of  Lowonthal,  i.e.,  the  trac^tus  vestibulo- spinal  is  of 
Monakow,  descending  in  the  anterolateral  column  of  the 
cord. 

Ferrier  and  Tuhklt  observed  that  after  section  of  the 
eighth   ner%'e,    the   descending   vestibidar   root   did    not 
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degenerate.  Tliey  believe,  therefore,  that  Aia  root  forms 
an  intemodal  connection  between  Deiters'  nucleus  and  the 
ctmeatt^  nucleus.  Bmce  saw  the  lower  end  of  the  descend- 
ing vestibular  root  terminate  in  the  cuneate  nucleuB.  It 
seems  probable,  therefore,  that  the  descending  vestibular 
root  ia  a  continuation  of  afferent  cerebellar  paths  repre- 
sented in  the  dorsal  fasciculi  (columnB  of  Goll  and 
Burdach) . 

Cerebellar  Comiections 

1.  Through  the  inferior  peduncle  by: 

fa)  The  direct  cerebellar  tract  (dorsal  spino-cerehel- 
asciculus  or  tract  of  Flechsig)  continues,  after  in- 
termption,  the  afferent  paths  from  the  posterior  nerve 
TOotB  of  the  same  eide  to  the  superior  wonii  of  the  atime 
and  opposite  side,  i.e.,  in  the  monticulate  and  lingual 
lobules, 

(b)  The  arcuate  fibres— anterior  and  posterior  super- 
ficial— from  the  graeiie  and  cuneate  nuclei  of  the  sarae 
and  opposite  side.  The  fibres  of  the  so-called  descending 
root  of  the  vestibular  nerve  may  be  grouped  here.  (See 
Veati Inilar  connections. ) 

(c)  The  olivo-cerel>ellar  fibres,  chiefly  from  the  oppo- 
site inferior  olivary  nucleus,  but  to  a  limited  extent  fi'om 
the  nucleus  of  the  pnnie  side.  These  constitute  the  bulk 
of  the  latter  part  of  the  restiform  Iwdy,  and  end  within 
the  cortex  of  the  hemisphere  and  worm,  and  also  within 
the  fibre  complex  enveloping  the  nucleus  dentiitus.  The 
fibres  are  mostlj^  afferent  (v.  Bechterew  ^^) .  The  atrophy, 
however,  of  this  nucleus,  which  is  present  in  failure  of 
development  of  tlie  opposite  half  of  the  cerebellimi  or  fol- 
lowing its  removal,  seems  to  show  that  many  of  the  cere- 
bello-olivaiy  fibres  are  eftV»rent  ptiths.  The  further  links 
of  connection  are  uncertain. 

Kollikpr  maintains  that  f>onie  of  the  olivo-cerebellar 
fibres  are  axones  of  the  cells  of  Purkinje  from  the  oppo- 
site side,  and  that  fibres  from  some  olivary  cells  pass 
downward  into  tlie  anterior  ground  bundle.  The  possi- 
bility of  some  of  the  olivo-cerebellar  fil)res  being  continu- 
ations of  vestibular  afferent  paths  should  be  remembered. 
The  route  in  such  a  case  would  be  along  the  vestibular 
nerve  to  Deiters'  nucleuSj  thence  to  the  olive  on  the  same 
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aide^  thence  cron  tiw  midlife  to  the  opposite  olive 
Ihioa^  th»  tmi^tkdm  bodj  to  Ifae  embelliim.  Such  a 
eoBMOlicn  would  ooEfifauii  m  |iheiKnia»i  obeefved  by  v. 
BechlBfOW*  loUowiiig  deiiUtUon  of  the  oliye  and  many 
oUier  flxperiBMiilal  pfaenomen^  i^c^  othenrise  are  not 
Ttttdily  explicable. 

Fivkm  the  raanileB^T  importaut  eounectkiifl  between 
the  oliy!^  and  the  eet^hdlum  it  woold  seem  tiiai  the  olive 
is  a  gT>e«it  T^lay  stadkiD  for  HS^veat  and  effetent  eeiebeUar 
paths,  if  Dot  a  coordinating  c^^tie  of  equilibrium  on  its 
own  aoeoont.  t.  Beehteiev  beliei«B  the  inferior  olive  is 
idated  ekoely  to  tactile 

(d)  Pibies  horn  tiie  mideiiB  lalnalin  of  the  medulla 
to  the  coirtHC  of  tiie  cerebdAar  IwniiafifaHre.  The  nucleus 
lateralis  is  a  collection  of  eelk  in  ^m  lonnatio  reticularis 
gruKii  near  the  p^ipfaeij  aiid  v«iiti«l  to  the  spinal 
The  Mcfem  IB  fqgafdpd  as  the  analogue 


trt^eniinal  voot^ 

ol  the  kkletal  hom  cellsL 

(e)  Fibres  hv*ni  the 
oeUa  in  Ihs  paths  ol  the 
toihe 

(f)  The  nucleo-eeninllar  tiaci»  Lcl, 
necptaoii  nuclei  ot  tfis  Miadal,  iaeial, 
kar»  rioBH^phaiToiEVil,  awi  wi 
tlie  Quddla  of  the  pdtaucia,  smI 
mielraa  (nueleua  iMti^)  of  the 
Hut  Umdk  indodm  Ihs  diieci  s 
m^omf.     (See  Vestibular  oonuKtiona.) 

(^  Ftbn^  frcim  the  cssvlwllar  moi  na 
maclsnai^  nnd  theoce  by  the  TMtibttlo-«|iii 
anilen>4aiR»al  cotaott  of  the  co«d  (iwtttml 
eeltti  and  the  lankMlM  fe«m  the  linHMkio  nl^^ 

^h)  Acc«>rdin||  to  soaie  aimlnwnicel  wiiteii*,  additional 
TestiUiUr,  and  ooaaib^  other  seneoi^r  Sbi«»,  p«k^  vith- 
«Hit  iutemvption  lv|r^"*9  ^  ^  mettfom  bo^  to  the 
bellar  iwf  iHftM^  Cfflwtinitim  the  diiect  seasoiy 
bellar  tmci  of  EdtiwfBg>  Ae  befiM^'  m^tiNl,  Edio^M^s  di  r^^ 
Bi'niAMry  o^tv<belhir  tmol^  coaaidsved  as  an  aliowt  cef^^el* 
lar  i^ithway,  is  in  iwili^y 


'  nodeiis  (a  eoHeetion  of 
supefficialaKmite  filn«s) 

from 

vseiibQlar, 

This  tiact  occupii 

f^iefly  in  the 

and  opposite  side, 

tzact  of 

sto  Deiteis* 
tract  to  the 
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Connections  of  the  CereheUum   Through  the  Middle 
Peduncle 


W 

oc< 


fferent  paths,  i.e.,  to  the  cerebellum. 

1,  Fibres  from  the  cells  of  the  pontine  nucleus  as  con- 
tinuations of  the  fronto-cerebellar  and  of  the  temporo- 
occi  pi  to- cerebellar  tracts.     These  paths  connect  the  ceils 

f  the  frontal,  temporalj  and  occipital  lobes  with  the  cor- 
X  of  the  opposite  half  of  the  cerebellum,  ending  chiefly 
in  the  cortex  of  the  hemisphere,  in  the  worm,  and  pos- 
sibly in  the  nucleufl  dentatua.     The  tracts    are   chiefly 
crossed. 

I  2.  Collaterals  from    pyi'amidal  tracts  to  the  pontine 

nuclei. 

Efferent  paths,  i.e.,  from  the  cerebellum . 

^H  1.  Fibres — the  axones  of  the  Purkinje  cells  in  the 
^Bi»cro1>ellar  cortex — whicli  cross  the  middle  line  to  end  in 
^■relation  with  the  cells  of  the  nucleus  tegmenti  (red 
^Bn^icleus),  close  to  the  raphe  (v.  Bechterew '®) .  The  tract 
is  mainly  imcrossed,  owing  to  a  double  decussation,  viz., 
in  the  superior  peduncles  and  in  Forel's  decussation. 

2.  Fibres  from  the  cells  of  Purkinje  to  the  nucleus 
^—pontis  of  the  same  and  opposite  side  have  been  assumed 
^Ko  exist.  Ferrier  maintains  that  tho  cerebello-pontine 
^■fibres  of  the  middle  peduncle,  after  crossing  the  middle 

line,  join  the  pyramidal  tract,  to  recross  in  the  pyramidal 
decussation.     Such  a  pathway  would  esfoiblish   efferent 
relations  between  each  half  of  the  cerebellum  and  the 
tnicturesof  the  same  side  of  the  body.     Ferrier 's  experi- 
ent«  undoubt'Cdly  establish  a  marked  functional  relation- 
ship between  these  parts,  Imt  re<:ent  observidions  seem  to 
show  that  the  eft'erent  cerebello-pontine  fibres  do  not  end 
in  the  nucleus  pontis  but,  after  crossing  the  middle  line, 
believed  to  end  within  the  tegnientimi  in  the  red 
ucleuB  (v.  Bechterew). 

Ferrier,  however,  makes  no  mention  of  the  nucleus 

ntis,  nor  of  interruption  of  the  efferent  paths  at  this 

int.     V.  Bechterew 's  assumption  may  l>e  accepted,  and 

ere  is  still  provision  for  a  possible  recross ing  of  this 

efferent  cer»?l;)ellar  path  by  fibres  which  emerge  from  the 

Tentro-medial  surface  of  the  red  nucleusj  and  cross  Uie 
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The  vestibulo'olivary  tract  is  best  regarded  as  being 
in  part  at  least  tlio  continuation  of  vostibidar  paths  after 
interruption  in  Deiters'  nucleua.  Reaching  tho  olive  on 
the  same  side  the  fibres  croes  to  the  oppoh;ite  olive  and 
proceed  in  part  Ia)  tliB  eerebelhun  by  way  of  the  restifonn 
body,  Thia  view  seems  to  be  Bupport-e<l  by  v.  Bech- 
terew's  experimcntj^j  in  which  lesions  of  the  inferior  olive 
caused  rotations  and  ocular  deviationa,  exactly  like  those 
following  section  of  the  vestibular  nerve  on  the  same 
side.  The  tract  may,  therefore,  be  called  the  crossed 
vestibido-olivo-eereteUar  tract,  whilst  the  descending  ves- 
tibulo-epinal  tract  may  be  called  the  cerebello- vestibulo- 
spinal tract.  The  olivary  fasciculus,  or  Helweg's  bundle, 
connects  the  spimil  neurones  with  the  olive  and  indirectly 
with  the  cerebellum  (Morris). 

Mucli  confusion  is  creata:!  by  anatomical  writers 
retaining  tlie  term,  ''direct  sensory  cerebellar  tract  of 
Edinger.  ^'  This  tnict  was  described  by  Edinger  in  his 
earlier  work,  viz.,  ^'Twelve  Lectures  on  the  Structure  of 
the  Central  Nervous  System.'*  In  his  later  work,  ''The 
Anatomy  of  the  Central  Nervous  System  of  Man  and  of 
the  Vertebrates  in  General,  *'  Edinger  himself  discards  the 
tverm,  *' direct  sensory  ceretellar  tract, ^'  saying:  "It  is 
wiser  at  present  to  designate  the  system  as  tractus  core- 
bellaris  acusticaj  etc.''  We  niayj  therefore,  conclude 
that  the  direct  sensory  cerebellar  tract  contains  nothing 
more  by  ^vay  of  affert^nt  paths  than  what  is  included  in 
the  sensory  micleo- cerebellar  paths  (q.v.). 

According  toCunninghiun,'^^  l^oth  the  principal  nucleus 
and  the  nucleus  of  Deiters  are  in  intimate  relation  with 
the  superior  worm  of  the  cerel>ellum.  Deiters  liimself,  as 
well  as  Ferrier  and  Turner,  believe  that  Deiters'  nucleua 
is  an  intemode  between  the  cerebellum  and  the  cord. 
Ferrier  and  Turner  adtluce  strong  evidence  to  suppcjrt  this 
view.  But  KoUiker  has  shown  that  some  of  the  paths 
are  afferent,  i.e.,  to  the  cerebelhim.  Klenioff^  believes 
the  axones  of  Dieters'  nucleus  fonn  the  ventral  (anterior) 
tra^it  of  Lowenthal,  i.e.,  the  triictus  vestibulo-spinalis  of 
Monakow,  descending  in  the  anterolateral  ccJimm  of  the 
cord. 

Ferrier  and  Turner  observed  tbat  after  section  of  the 


eighth   nerve,    the   descending  veetibtdar   root  did   not 
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degenerate*  They  l)elieve,  therefore,  that  this  root  forms 
an  interaodal  connection  ]>etween  Deiters'  nucleua  and  the 
eimeate  nucleus.  Bnict;  saw  the  lower  end  of  the  descend- 
ing vestibiilnr  root  terminate  in  the  cuneate  nucleus.  It 
seems  probable^  therefore,  that  tlie  descending  vestibular 
root  is  a  continuation  of  afferent  cerebellar  paths  repre- 
senti^d  in  the  dorsal  fasciculi  (columns  of  Goll  and 
Burdach) . 

Cerehellar  Vomiedions 

1.  Through  the  inferior  peduncle  by: 

(a)  Tfie  direct  cerebellar  tract  (dorsal  spino-cerebel- 
lar  laeciculus  or  tnict  of  Flechsig)  continues,  after  in- 
terruption, the  afferent  paths  from  the  posterior  nerve 
rtx)t«  of  tlie  same  side  to  the  superior  worm  of  the  same 
and  opposite  side,  i.e.,  in  the  monticulate  and  lingual 
lobules. 

(b)  The  arcuate  fibres— anterior  and  posterior  super- 
ficial— from  the  gracile  and  cuneate  nuclei  of  the  same 
and  opposite  side.  The  fibres  of  the  so-called  descending 
root  of  the  vestibular  nerve  may  be  grouped  here.  (See 
Vestibular  connections. ) 

(c)  The  olivo-cerebellar  fibres,  chiefly  from  the  oppo- 
site inferior  olivary  nucleus,  but  to  a  limited  extent  fern 
the  nucleus  of  the  same  side.  These  constitute  the  bulk 
of  the  latter  part,  of  the  restifonu  body,  and  end  within 
the  cortex  of  the  hemisphere  and  worm,  and  also  within 
the  fibre  complex  enveloping  the  nucleus  dentatus.  The 
fibres  are  mostly  aflferent  (v.  B^'chterew  ***) .  The  atrophy, 
however,  of  this  nucleus,  which  is  present  in  failure  of 
development  of  the  opposite  half  of  the  cerebellum  or  fol- 
lowing its  removal,  seems  to  show  that  many  of  the  cere- 
bello-olivary  fibres  are  efferent  paths.  The  further  links 
of  connection  are  i^ncertain. 

Kolliker  niainta.ina  that  some  uf  the  olivo-cerebellar 
fibres  are  axones  of  the  cells  of  Purkinje  from  the  oppo- 
fiite  side,  and  that  fibres  from  some  olivary  cells  paas 
downward  into  the  anterior  grovmd  bundle.  The  poesi- 
bility  of  some  of  the  olivo-eerebellar  fibres  Ijeing  continu- 
ations of  vestibular  afferent  patlis  should  be  remembered. 
The  route  in  such  a  case  would  be  along  the  vestibular 
nerve  to  Deiters'  nucleus j  thence  to  the  olive  on  the  same 
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Bide,  thence  cross  the  midline  to  the  oppoaite  olive  and 
through  the  reetiform  body  to  the  cerebellum.  Such  a 
connection  would  explain  the  phenomena  observed  by  v, 
Bechterew  ^^  following  destruction  of  the  olive  and  many 
other  experimental  phenomena  which  otherwise  are  not 
readily  explicable. 

From  the  manifestly  important  connections  between 
the  olive  and  the  cerebellum  it  would  seem  that  the  olive 
is  a  great  relay  station  for  affert^nt  and  efferent  cerebellar 
pathsj  if  not  a  etjordinating  centre  of  equilibrium  on  its 
own  account-  v.  Bechterew  believes  the  inferior  olive  is 
relatf^d  closely  to  tiictilo  sensibility. 

(d)  Fil.ires  from  the  nucleus  lateralis  of  the  medulla 
to  the  cortex  of  the  cereliellar  hemisphere.  The  nucleus 
lateralis  is  a  collection  of  cells  in  the  fonnatio  reticularis 
grisea  near  the  periphery  and  ventral  to  the  spinal 
trigeminal  rof>t.  The  nucleus  is  regarded  as  the  analogue 
of  the  lateral  horn  cells. 

(e)  Fibres  from  the  arcuate  nucleus  (a  collection  of 
cells  in  the  paths  of  the  anterior  superficial  arcuate  fibres) 
to  the  cerebellar  cortex. 

(f)  The  nucleo-cerebellar  tract,  i.e.,  fibres  from  the 
reception  nuclei  of  the  trifacial,  facial,  vestibular,  coch- 
lear, glosso- pharyngeal,  and  vagus.  This  tract  occupies 
the  middle  of  the  peduncle,  and  ends  chiefly  in  the  roof 
nucleus  (nucleus  fastigii)  of  the  Btmie  and  opposite  side. 
This  tmct  includes  the  direct  sensory  cerel3ellar  tract  of 
Edinger,      (See  Vestibular  connections.) 

(g)  Fibres  from  the  cerel>ellar  roof  nucleus  to  Deiters' 
nucleus,  and  thence  by  the  vestibulo-spinal  tract  to  the 
antero-lnteral  colunm  of  the  ccird  (ventral  marginal  faeci- 
ciiluB  and  the  fasciculus  from  the  formatio  reticularis) . 

(h)  According  to  some  anatomical  writers,  additional 
vestibular,  and  jxissibly  other  sensory  fibres,  pass  with- 
out interruption  byway  of  the  rest  i  form  body  to  the  cere- 
l>ellar  ror>f  nuclei,  constituting  the  direct  sensory  cere- 
bellar tmct  of  Edinger.  As  tefore  noted,  Edinger's  direct 
sensory  cerelxsllar  tmct,  considered  as  an  afferent  cerebel- 
lar pathway,  is  in  reality  identical  with  the  nucleo- 
cerebellar  tracts 
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Connections  of  the  Cerebellum  Through  the  Middle 
Peduncle 

Afferent  paths,  i.e.,  to  the  cerebellum, 

1.  Fibres  from  the  cells  of  the  pontine  nucleus  as  con- 
tinuations of  the  fronto-cerebeliar  and  of  the  temporo- 
occipito-cerebellar  tracts.  These  paths  connect  the  ceDa 
of  ttie  frontal,  temporal,  and  occipital  lobes  with  the  cor- 

I       tex  of  the  opposite  half  of  the  cereMlum,  ending  chiefly 
I       in  the  cortex  of  the  henjisphere,  in  the  worm,  and  pos- 
sibly in  the  nucleus  dentatus.     The  tracts  are  chiefly 
crossed. 

2.  Collaterals  fi'om   pyramidal  tracts  to  the  pontine 
^^  nuclei. 

^^KEfferent  paths ^  i.e.,  from  the  cerebellimi. 

^^B  1,  Fibres — the  axones  of  the  Purkinje  cells  in  the 
^fcerebellar  cortex — which  cross  the  middle  line  to  end  in 
[  relation  with  the  cells  of  the  nucleus  tegmenti  (red 
^■nucleus) ,  close  to  the  mphe  (v.  Becht^rew *^) .  The  tract 
^^^Hie  mainly  uncrossed,  owing  to  a  double  decussation,  viz., 
r^in  the  superior  pedimcles  and  in  Forel'a  decussation. 

2.  Fibres  from  the  cells  of  Purkinje  to  the  nucleus 
pontis  of  the  same  {md  opposite  side  have  been  assumed 
to  exist-  Fcrrier  maintainB  that  the  cerebeUo-pontine 
fibres  of  the  middle  i>ednncle,  aft^r  crossing  the  middle 

IlinCj  join  the  pyramidal  tract,  to  recross  in  the  pyramidal 
decussation.  Such  a  piithway  wTJiild  eatahlisli  effert^nt 
relations  iK^tween  each  half  of  the  cerebelhim  and  the 
Btnicturesof  the  same  side  of  the  body.  Ferrier's  exi:>eri- 
ments  undoubtedly  establish  a  marked  functional  relation* 
fihip  betiveen  these  parte*,  but  rficent  observations  seem  to 
ehow  that  the  efferent  cerebello-pontine  fibres  do  not  end 
in  the  nucleus  pontis  but,  after  crossing  the  middle  line, 
are  bdieved  to  end  within  the  tegmentimi  in  the  red 
nucleus  (v.  BfxOifce^rew) . 

Ferrier,  however,  makes  no  mention  of  the  nucleus 
pontis,  nor  of  interruption  of  the  efferent  paths  at  this 
point.  V.  Bechterew's  assumption  may  l>e  accepted,  and 
there  is  still  provision  for  a  p>s8ible  recroBsing  of  this 
efferent  cerebellar  path  by  fibres  which  emerge  from  the 
ventro-medial  surface  of  the  red  nucleus,  and  cross  tho 


CHAPTER  V 
SYNOPSIS   OF  ANATOMICAL   CONNECTIONS 

Connections  of  the   Vestibular  Nerve 

The  vestibular  nerve  ends  in  the  vestibular  nuclei  of 
reception.     From  the  nuclei  fibresi  pass: 

(a)  To  the  cerebellar  roof  nucltms  of  the  opposite  side 
as  the  vestibulo-cerel  cellar  tra<?.t.  Riaien-RusBell^  and 
Ferrier  and  Turner**  showed  that  this  is  an  efferent  path 
l:>etween  the  vermis  and  De iters'  nucleus j  but  Kolliker, 
from  embrj'ological  studies,  concludes  that  some  of  the 
fibres  are  axones  of  Deitera'  cells  a  few  coming  from  the 
chief  auditory  nucleus. 

(b)  As  arcuat^e  fibres  passing  ventro-medially  into  the 
tegmentmn  of  the  pons  to  cross  the  middle  line,  and  so 
bend  upward  and  downward  to  reach  other  levels.  Some 
fibres,  however,  remain  on  the  same  side.  Of  the  crossed 
fibres  some  are  said  to  join  the  mesial  fillet  to  reach  the 
thalamus  and  superior  coUieuli,  while  others  are  said  to 
join  the  lateral  fillet  and  so  re^ch  the  inferior  colliculi, 
and  possibly  the  auditory  cort-ex. 

(c)  Commissural  fibres  between  the  nucleus  of  Bech- 
terew  or  superior  vestibular  nucleus  on  either  side. 

(d)  Fibres  to  the  abducent  nucleus.  Gordinier  and 
others  believe  that  each  vestibular  nucleus  sends  fibres  to 
the  alxlucent  nucleus  on  either  side.  Duval  and  Laborde 
showed  that  the  sixth  nucleus  woe  connected  with  the 
third  and  fourth  nerve  nuclei  of  the  opposite  side,  and 
stimulation  of  the  area  of  the  sixth  nucleus  caused  the 
eyee  to  turn  to  the  side  of  stimulation.  This,  however, 
does  not  prove  that  the  sixth  nucleus  coordinates  the^e 
movements.  Schafer  insists  that  no  fibres  enter  the  pos* 
terior  longitudinal  fasciculus  from  the  sixth  or  third 
nucleus.  Moreover,  it  is  not  apparent  why  the  fibres  to 
the  sixth  nucleus  are  necessarily  the  direct  continuatioua 
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of  vestibular  fibre-paths,  and  not  the  continuation  of 
descendiDg  paths  from  the  cerebellum.  The  posterior 
longitudinal  faflciculus  is  in  intimate  relation  with  the 
nuclei  of  the  sixth,  third,  and  fourth  nerves,  and  receives 
numerous  fibres,  both  crossed  and  uncrossed,  from  the 
vestibular  (including  Deiters')  and  from  other  nuclei. 
Moreover,  when  eye  movements  take  place  in  response  to 
vestibular  stimulation  movements  of  other  parts  take 
place  concurrently  and  in  a  coordinat-ed  manner.  Hence 
but  little  importance  is  to  be  atttiched  to  this  connection 
between  the  vestibular  nerve  and  the  sixth  nucleus,  unless 
it  be  distinctly  understood  as  an  indirect  connection 
through  the  medium  of  the  cerelx^llum  or  other  coordina- 
ting centre  iHa  the  vpstibular  (Deiters')  nucleus  or  the 
posterior  longitudimil  fasciculus ,  or  both. 

(e)  Crossed  and  imcrossed  fibres  to  the  posterior 
longitudinal  fasciculus. 

(f)  Fibres  to  tlie  spinal  cord.  These  fibres  com- 
municate with  the  olivary  tody  and  lateral  columns. 
The  descending  vestibulo-olivary  tract  passes  ttj  the 
olivary  body  of  the  same  side  (Van  Giesen^'^,  whilst  the 
vestibulo-spintii  tract  passes  through  the  periphery  of  the 
lateral  field  of  the  formatio  reticularis,  and  descends  in 
the  lateral  cohmm  of  the  cord.  Its  ultimate  distribution 
is  imknown,  but  it  probably  ends  in  relation  with  the 
ventral  horn  cells. 

The  fibres  to  the  spinal  cord  and  superior  olive  are 
not  altogether  to  be  considered  as  mainly  continuations  of 
paths  direct  from  the  vestibular  nerve/  For  the  reasons 
given  in  diecussing  the  fibres  to  the  sixth  nucleus  tJiese 
fibres  are  to  be  regarded  as  coming  in  part  from  the  cere- 
bellum via  Deiters-  nucleus.  The  latter  has  many  affer- 
ent and  efferent  neurones,  and  is,  therefore,  properly  con- 
sidered 08  a  relay  station  for  both  afferent  and  efferent 
impulses,  rather  than  a  coordinating  centre  of  the  higher 
order.  More  recent  investigations  show  that  part  of  the 
ventral  (anterior)  marginal  fasciculus  (vestibulo-spinal 
tract)  comes  from  the  roof  nucleus  of  the  cerebellum 
(Morris**).  The  same  author  states  that  the  fibres  from 
the  vestibular  nucleus  to  the  abducent  nucleus  travel  by 
way  of  the  posterior  median  (longitudinal)  fasciculus  of 
boiti  sides. 
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The  vest! bulo-oli vary  tract  is  best  regarded  as  being 
in  part  at  least  the  continuation  of  vestibular  paths  after 
interruption  in  Deiters'  nucleua.  Reaching  the  olive  on 
the  same  side  the  fibres  crosB  to  the  op])OBito  olive  and 
proceed  in  part  to  tlie  cerebelhini  by  way  of  the  restiform 
body.  This  view  seems  to  be  supported  by  v.  Bech- 
terew's  experiments,  in  which  lesions  of  the  inferior  olive 
caused  rotations  and  ocular  deviationa,  exactly  like  those 
following  section  of  tlie  vestibular  nerve  on  the  same 
aide.  The  tract  may,  therefore,  be  called  the  crossed 
veatibulo-olivo-cerebellar  tract,  whilst  the  descending  ves- 
tibuhi-spinal  tract  may  be  oiilled  the  cerebello-vestibulo- 
spinal  tnict.  The  olivary  fasciculus,  or  Helweg^s  bundle, 
connects  the  spinal  neurones  with  the  olive  and  indirectly 
with  the  cerebellum  (Morris). 

Much  confusion  is  creflt'i^d  by  anatomical  writers 
retaining  the  t^caiUj  "direct  sensory  cerebellar  tract  of 
Edinger. *'  This  tract  was  described  by  Edinger  in  hia 
earlier  work,  viz.,  ^'Twelve  Lectures  on  the  Structure  of 
the  Central  Nervous  System.^'  In  his  lat<>r  work,  "The 
Anatomy  of  the  Central  Nervous  System  of  Man  and  of 
the  Vertebrates  in  General/'  Edinger  himself  discards  the 
tenn,  * 'direct  sensory  cerebellar  tract,"  saying:  "It  is 
wiser  at  present  to  designate  the  system  as  tractus  cere- 
bellaris  acustica,  etc."  VV^o  may,  therefore,  conclude 
that  the  direct  sensory  cerebellar  tract  contains  nothing 
more  by  way  of  afferent  paths  than  what  is  included  in 
the  sensory  nuclwveerebellar  paths  (q.v.). 

According  to  Cunningham,^  both  the  principal  nucleus 
and  the  nucleus  of  Deiters  are  in  intimate  relation  with 
the  superior  worm  of  the  cerebellum.  Deiters  himself,  as 
well  as  Ferrier  and  Turner,  Mieve  that  Deiters*  nucleus 
is  an  internode  between  the  cerebellum  and  the  cord, 
Ferrier  and  Turner  adduce  strong  evidence  to  support  this' 
view.  But  Kolliker  has  sho\^^l  that  some  of  the  paths 
are  afferent,  i.e.,  to  the  cerebellum.  Klemoff**  believes 
the  axones  of  Dieters'  nucleus  form  the  ventral  (anterior) 
tract  of  Lowenthal,  i.e.,  the  tractue  vestibulo-spinalia  of 
Monakow,  descending  in  the  anterolateral  column  of  the 
cord. 

Ferrier  and  Turner  observed  that  after  section  of  the 
eighth   nerve,    the   descending   vestibidar   root   did   not 
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degenerate.  They  believe,  therefore,  that  ihh  root  forma 
an  intemodal  connection  between  Deiters'  nucleus  and  the 
cimeate  nucleus.  Bruce  saw  the  lower  end  of  the  descend- 
ing vestibular  root  terminate  in  tbe  cuneat-e  nucleus.  It 
seerus  proFmble,  therefore,  that  the  descending  vestibular 
root  is  a  continuation  of  afferent  cerebeHar  paths  repre- 
sented in  the  dorsal  fasciculi  (columns  of  GoU  and 
Burdach) . 

Cerehellar  Connect  mis 

1.  Through  the  inferior  peduncle  by: 

Sh)  The  direct  cerebellar  tract  (dorsal  spino-cerebel- 
asciculus  or  tract  of  Flechsig)  continues,  after  in- 
terruption, the  afferent  paths  from  the  posterior  nerve 
roots  of  the  same  side  to  the  superior  worm  of  the  same 
jmd  opposite  side,  i.e.,  in  the  montieulate  and  lingual 
lobules. 

(b)  The  arcuate  fibres — anterior  and  posterior  super- 
ficial— from  the  gracile  and  cuneate  nuclei  of  the  same 
and  opposite  side.  The  fibres  of  the  so-called  descending 
root  of  the  vestibular  ner\^e  may  be  grouped  here.  (See 
Veetibidar  connections.) 

(e)  The  olivo-cerebellar  fibres,  chiefly  from  the  oppo- 
site inferior  olivary  nucleus,  but  to  a  limited  c^xte^nt  from 
the  nucleus  of  the  same  side.  These  constitute  the  bulk 
of  the  latte^r  part  of  the  restiform  body,  and  end  within 
the  cortex  of  the  hemisphere  and  worm,  and  also  witliin 
the  fibre  complex  enveloping  the  nucleus  dentatus.  The 
fibres  are  mostly  afferent  (v.  Bechterew*").  The  atrophy, 
however,  of  this  nucleus,  which  is  present  in  failure  of 
development  of  the  oppisite  half  of  the  cert^bellum  or  fol- 
lowing its  removal,  seems  to  show  that  many  of  the  cere- 
bello-olivary  fibres  are  efferent  paths.  The  furtlier  links 
of  connection  are  uncertain. 

KoUiker  maintains  that  some  of  the  olivo-cerebellar 
fibres  are  aLXones  of  the  cells  of  Purkinje  from  the  opjx^- 
site  side,  and  that  fibres  from  some  olivary  cells  pass 
downward  into  the  anterior  ground  bundle.  The  possi- 
bility of  some  of  the  olivo-cerebellar  filjres  being  continu- 
ations of  veetibidar  afferent  paths  should  be  reraeni]>ered. 
The  route  in  such  a  case  would  be  along  the  vestibular 
nerve  to  Deiters^  nucleus,  thence  to  the  olive  on  the  same 
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Bide,  thence  cross  the  midline  to  the  opposite  olive  and 
through  the  rest i form  body  to  the  ceTebellum.  Such  a 
connection  would  explain  the  phenomena  observed  by  v. 
Bechterew^^  following  deetruction  of  the  olive  and  many 
other  experimental  phenomena  which  otherwise  are  not 
readily  explicable. 

From  the  manifestly  important  coimectiona  between 
the  olive  and  the  cerebellum  it  would  seem  that  the  olive 
is  a  great  relay  station  for  afferent  and  efferent  cerebellar 
paths,  if  not  a  coordinating  centre  of  equilibrium  on  ita 
own  account,  v.  Bechterew  believes  the  inferior  olive  is 
related  closely  to  tactile  sensibility. 

(d)  Fibres  from  the  nucleus  lateralis  of  the  medulla 
to  the  cortex  of  the  cerebellar  hemisphere.  The  nucleiia 
lateralis  is  a  collection  of  cells  in  the  formatio  reticularis 
gi'isea  near  the  periphery  and  ventral  to  the  spinal 
trigeminal  root.  The  nucleus  is  regarded  as  the  analogue^ 
of  the  lateral  horn  cells. 

(e)  Fibres  from  the  arcuate  nucleus  (a  collection  of 
cells  in  the  ]>ath8  of  the  anterior  superficial  arcuate  fibres) 
to  the  cerebellar  cortex. 

(f)  The  nucleo-cerobellar  tnict,  i.e.,  fibres  from  the 
reception  nuclei  of  the  trifacial^  facial,  vestiluilar,  coch- 
lear, g]o8.go-pharyngeal,  and  vagus.  This  tract  occupies 
the  middle  of  the  pf^duncle,  and  ends  chiefly  in  the  roof 
nucleus  (nucleus  fastigii)  of  the  same  and  opposite  side. 
This  tract  includes  the  direct  sensory  cerebellar  tract  of 
Edinger,      (See  Vestibular  connections.) 

(g)  Fibres  from  the  cerebellar  rcM>f  nucleus  to  Deiters* 
nucleus,  and  thence  by  the  veBtibulo-8]>inal  tract  to  the 
antero-latemi  column  of  the  cord  (ventral  marginal  fasci- 
culus and  the  fasciculus  from  the  formatio  reticularis). 

(h)  According  to  some  anat^miical  writers,  additional 
vestibular,  and  possibly  other  sensory  fibres,  pa*?8  with- 
out interniption  byway  of  the  rpBtifonn  body  to  the  cere- 
l>ellar  ro<jf  nuclei,  constituting  the  direct  sensory  cere- 
bellar tract  of  Edinger.  As  before  noted,  Edinger^s  direct 
sensory  cerebellar  tract,  considered  as  an  afferent  cerebel- 
lar pathway,  ie  in  reality  identical  with  the  nucleo- 
cerebellar  tract, 
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Contiections  of  the  CereheUum   Through  the  Middle 
Peduncle 

Afferent  pathe,  i.e.,  \o  the  cerebellum. 

1.  Fibres  from  the  cells  of  the  pontme  nucleus  as  con- 
tinuations of  the  fronto-eerebellar  and  of  the  temporo- 
Dccipito-cerebellar  tracts.  These  paths  connect  the  cells 
of  the  frontal,  temporal,  and  occipital  lobes  with  the  cor- 
tex of  the  opposite  half  of  the  cerebellum,  ending  chiefly 
in  the  cortex  of  tlie  hemisphere,  in  the  worm,  and  pos- 
fiibly  in  the  nncleuB  dentatuB.  The  tracts  are  chiefly 
crossed. 

2.  Collaterals  from  pyramidal  tnicte  to  the  pontine 
nuclei. 

Efferent  paths,  i,e.,  from  the  cerebellmn, 

L  Fibres — the  axones  of  the  Purkinje  cells  in  the 
ceR>l^llar  cortex — which  cross  the  midtUe  lino  to  end  in 
relation  with  the  cells  of  the  nucleus  tegmenti  (red 
nucleus),  close  to  the  raphe  (v.  Bechterew *^) .  The  tract 
is  mainly  uncrossed,  owing  ttj  a  double  decussation^  viz., 
in  the  superior  peduncles  and  in  Ford's  decussation. 

2.  Fibn-'s  from  the  cells  of  Purkinje  to  the  nucleus 
pontis  of  the  same  and  opposite  side  have  been  assumed 
to  exist,  Ferrier  maintaiuB  that  the  cerebello-pontine 
fibres  of  the  middle  peduncle,  after  crossing  the  middle 
line,  join  the  pyramidal  tract,  to  recross  in  the  pyramidal 
decussation.  Such  a  pathway  would  eetablish  efferent 
relations  betw^een  each  half  of  the  cerelx^llum  and  the 
structures  of  the  same  side  of  the  body.  Ferrier^s  experi- 
ments  undoubtedly  establisli  a  marked  functional  rolation- 
ship  between  these  parts,  but  recent  obser\'ations  seem  to 
show  that  the  efferent  cerebello-pontine  fibres  do  not  end 
in  the  nucleus  pontis  but,  after  crossing  the  middle  line, 
are  telieved  t-o  end  within  the  tegmentum  in  the  red 
nuclexis  (v,  Bechterew). 

Ferrier,  however,  makes  no  mention  of  the  nucleus 
pontis,  nor  of  interniption  of  the  efferent  paths  at  this 
point.  V.  Bechterew's  assumption  may  l>e  accepted,  and 
there  is  still  provision  for  a  possible  rccrusaing  of  this 
efferent  cerel>ellar  path  by  fibres  which  emerge  from  the 
ventro-medial  surface  of  tlie  red  nucleusj  and  crosa  the 
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middle  line  as  the  decussation  of  Forel  bending  down- 
ward m  the  riibro-spinal  tract. 

The  middle  cerebellar  peduncle,  according  to  v.  Bech- 
terew,  cont^iins:  (a)  Cerebral  fibres  which  originate  in 
the  superior  and  lateral  parta  of  the  cerelaellar  cortex,  and 
in  the  area  of  the  upper  worm  and  central  nucleus,  and 

ns  to  the  upper  half  of  the  pons,  where  some  of  the  fibrea 
11  the  cerebrum  along  the  medial  and  lateral  divisions 
of  tlie  cerel>ellar  peduncles  are  interrupted.  The  motor 
tmcts  of  the  cerebrum  are  joined  in  the  ganglia  of  the 
pons  by  impulses  from  the  cerebellum  conveyed  in  the 
middle  pedimcle. 

(b)  The  spinal  fibres,  which  are  cerebello-fugal,  arise 
from  the  anterior  and  middle  parte  of  the  cerebellar  cor- 
tex, and  end  in  the  grey  matter  of  the  lower  half  of  the 
pons  on  both  sides.  From  this  jx^int  fibres  pass  as  the 
fasciculus  verticalis  to  the  region  of  the  nucleus  reticu- 
laris and  the  lateral  area  of  the  formatio  reticularis,  and 
finalljr  to  the  antero-lateral  ground  bundles  of  the  cord 
{fasciculus  to  and  from  the  formatio  reticularis) .  A  few 
fibres  reach  the  cori^ora  qiiadrigemina  with  the  lemniscus. 
From  the  above  it  is  manifest  that  v.  Bechterew  agrees 
with  Ferrier  in  the  main  facts. 

2.  Fibres  to  the  corpora  quadrigemina  viaihe  spinal 
bundle  and  the  median  fillet  (v.  Bechterew). 

Connections  of  the  Cerehellum  Tlirough  the  Superior 
Peduncle 

Afferent  paths,  i.e.,  to  the  cerebellum, 

1.  Fibres  from  Gowers'  tract  (ventral  spino-cerebellar 
tract) t  arching  over  the  fifth  nerve  to  rea<;h  the  superior 
peduncle  and  thence  to  reach  the  denbate  nucleus  and 
cerebellar  cortex  of  the  same  side  (Hoche).  As  some  of 
the  posterior  root  fibres,  of  which  Gowers'  tract  is  a  con- 
tinuation, decussate  in  the  anterior  commissure,  this  tract 
is,  in  part.,  crossed, 

Mott  believes  tlie  fibres  of  Gowers'  tract  taking  this 
course  end  in  the  posterior  portion  of  the  vermis,  whilst 
the  n^maining  fibres  of  Gowera*  tract  end  in  the  corpora 
quadrigemina  and  the  thalamus. 
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2.  Fibres  from  the  red  nucleus  to  the  dentate  nucleus. 
This  path  is  mainly  crossed. 

3.  FibTRs  to  the  cerebellum  from  the  oculo-Tiiot<3r 
nucleus — affemnt  ocular  and  pupillary  paths  (v,  Bech- 
terew).     This  path  is  crossed. 

Efferent  paths,  i.e.,  from  tlie  cerebellum, 

1.  Fibres  of  the  cerebeDo-tegniental  tract,  which 
spring  from  the  dentate  nucleus  with  probably  augmenta- 
tions from  the  roof  nucleus  and  corti^x  of  the  worm.  At 
the  decussation  of  the  superior  peduncles  most  of  the 
fibres  cross.  Above  this  decussation  the  fibres  are  in 
large  measure  interrupted  in  the  red  nucleus,  those  not  so 
interrupted  passing  through  the  subthalamic  region  to 
end  in  relation  with  the  cells  of  the  thalamus.  Slost  of 
the  fibre-paths  ending  in  the  red  nucleus  are  continued  by 
rubral  neurones  to  the  thalamus.  From  the  thalamus  the 
uninterrupted  paths,  as  well  as  those  interrupted  in  the 
red  nucleus,  are  continued  U^  the  cerebral  cortex  by  the 
thalamo-cortical  paths.  Many  of  the  fibre-paths  ending 
in  the  red  nucleus  are,  however,  divc^rt*L»d  into  the  rubro- 
spinal tract  which,  for  the  most  part.,  crosses  the  median 
Ime  in  the  decussation  of  Forel,  and  traverses  the  brain 
stem  and  antcro-Iateral  columns  of  the  cord  to  reach  the 
ventral  root  cells.  The  connections  of  the  cerebellum 
through  the  mbro-spina.1  tract  are,  therefore,  chiefly  nn- 
croBsed. 

The  axones  of  the  red  nucleus  neurones,  which  form  the 
rabro-spinal  tract,  emerge  from  the  ventro-medial  surface 
of  the  nucleus,  cross  the  middle  line  at  the  decussation  of 
Forel,  and  bend  do\\Tiward  within  the  tegmentum  of  the 
mid-brain  and  pone  to  reach  tJie  medulla,  finally  entering 
the  lat€!ral  colimms  of  the  cord  as  an  important  but  uncer- 
tainly defined  descending  tract,  which  may  be  fairly  rep- 
resented as  the  intermediate  fasciculus.  The  cereMlo- 
rubro-thalamico-cortical  paths  are  mainly  crossed,  while 
►the  cerebello-rubro-spinal  tracts,  owing  to  a  double  decus- 
ition,  bring  the  cerebellum  into  relation  mainly  with  the 
'motor  root  cells  of  the  same  side. 

2.  Fibres  to  the  oculo-niotor  nucleus  of  the  opposite 
side.  These  fibres  contain  the  afferent  pupil  reflex  path 
(v,  Bechterew**),  but  they  also  contain  efferent  paths, 
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middle  line  m  the  decussation  of  Forel  binding  down- 
ward BE  the  rubro^spinal  tract. 

The  middle  cerebellar  peduncle,  according  to  v;  Bech- 
terew,  contains:  (a)  Cerobml  fibres  which  originate  in 
the  superior  and  lateral  parts  of  the  cerebellar  cortex,  and 
in  the  area  of  the  upper  womi  and  central  nucleus,  and 
pass  to  the  upper  half  of  the  pons,  where  some  of  the  fibres 
from  the  cerebrum  along  the  medial  and  lateral  diviaiona 
of  the  cerebellar  peduncles  are  intt^rrupted.  The  motor 
tracts  of  the  cerebrum  are  joined  in  the  ganglia  of  the 
pons  by  in: pulses  from  the  cerebellum  conveyed  in  the 
middle  peduncle. 

(b)  The  spinal  fibres,  which  are  cerebello-fugalj  arise 
from  the  anterior  and  middle  parte  of  the  cerebellar  cor- 
tex, and  end  in  the  grey  matter  of  the  lower  half  of  the 
pons  on  both  sides.  From  this  point  fibres  pass  as  the 
fa^ciculuB  vertiealis  to  the  region  of  the  nucleus  reticu- 
laria  and  the  lateral  area  of  the  format io  reticularis,  and 
finally  to  the  antero-lateral  ground  bundles  of  the  cord 
/fasciculus  to  and  from  the  fonnatio  reticularis) ,  A  few 
fibres  reach  the  corpora  quadrigemina  with  the  lemniscus. 
From  the  alwve  it  is  manifest  that  v.  Bechterew  agrees 
with  Ferrier  in  the  main  facta. 

2.  Fibres  to  the  corpora  quadrigemina  via  the  spinal 
bundle  and  the  median  fillet  (v,  Bechterew) . 


Connections  of  the  Cerebellum  Through  the  Superior 
Fedu  nvie 

Afferent  paths,  i.e.,  to  the  cerebellum. 

1.  Fibres  from  Gowers'  tract  (ventral  spino-cerebellar 
tract) ,  arching  over  the  fifth  nerve  to  reach  the  superior 
peduncle  and  thence  to  reach  the  denfctite  nucleus  and 
cerebellar  cortex  of  the  same  side  (Hoche).  As  some  of 
the  posterior  root  fibres,  of  which  Growers*  tract  is  a  con- 
tinuation, decussate  in  the  anterior  commissure,  this  tmct 
is,  in  part,  crossed. 

Mott  Ijelieves  the  fibres  of  Gowers'  tract  taking  this 
course  end  in  the  posterior  portion  of  the  vermis,  whilst 
the  remaining  fibres  of  Gowei's'  tract  end  in  the  corpora 
quadrigemina  and  the  tlialamus. 
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2.  Fibres  from  the  red  nucleus  to  the  dentate  nucleus. 
This  path  is  mainly  crossed. 

8.  Fibres  to  iiie  cerebellum  from  the  ociilo-raotor 
nucleus — afferent  ocular  and  pupillary  paths  (v,  Bech- 
terew).     This  path  is  crossed. 

Efferent  paths,  i.e.,  from  the  cerebellum. 

1.  Fibres  of  the  cerebello-tegmental  tract,  which 
spring  from  the  dentate  nucleus  with  probably  augmenta- 
tions from  the  roof  nucleus  and  cortex  of  the  worm.  At 
the  decussation  of  the  superior  peduncles  most  of  the 
fibres  cross.  Above  this  decussation  the  filires  are  in 
large  measure  interrupted  in  the  red  nucleus,  those  not  so 
interrupted  passing  through  the  subthalamic  region  to 
end  in  relation  with  the  cells  of  the  thalamua.  Most  of 
the  fibre-paths  ending  in  the  red  nucleus  are  continued  by 
rubral  neurones  to  the  thalamus.  From  the  thalamus  the 
uninterrupted  paths,  as  well  as  those  iutemiptt^d  in  the 
red  nucleus,  are  continued  to  the  cerebral  cortex  by  the 
thalarao-cortical  paths.  Many  of  the  fibre-paths  ending 
in  the  red  nucleus  are,  however,  diverted  into  the  rubro- 
spinal tract  which,  for  the  most  part.^  crosses  the  median 
line  in  the  decussation  of  Forel,  and  traverses  the  brain 
stem  and  antero-lateral  columns  of  the  cord  to  reach  the 
ventral  root  cells*  The  connections  of  the  cerel>ellum 
through  the  rubro-spinal  tract  are,  therefore,  chiefly  un- 
crossed. 

The  axones  of  the  red  nucleus  neurones,  which  form  the 
rubro-spinal  tract,  emerge  from  the  ventro-medial  surface 
of  the  nucleus,  cross  the  middle  line  at  the  decussation  of 
Forel,  and  bend  downward  within  the  tegmentum  of  the 
mid-brain  and  pons  to  reach  the  medulla,  finally  entering 
the  lateral  columns  of  the  cord  as  an  important  but  uncer- 
tainly defined  descending  tmct,  which  may  be  fairly  rep- 
resented as  the  intermediate  fasciculus.  The  ccrebello- 
rabro-thalamico-cortical  paths  are  mainly  crossed,  while 
the  cerebello-rubro-spinal  tracts,  owing  to  a  double  decus- 
sation, bring  the  cerebellum  into  relation  mainly  with  the 
motor  root  cells  of  the  same  side. 

2.  Fibres  to  the  oculo-motor  nucleus  of  the  opx>OBite 
side.  These  fibres  contain  the  afferent  pupil  reflex  path 
(v,   Bechterew*'),  but  they  also  contain  efferent  paths, 


prolmbly  concerned  in  the  conjugate  movements  of  the 
eyea.     Thia  tract  is  crossed. 

The  doraal  zones  of  the  early  metencephalon  besides 
providing  the  reception  nuclei  of  the  sensory  cranial 
nerves,  and  perhaps  of  the  pontine  nuclei,  contribute  the 
neurobliustfl,  which  }xK3orae  the  nervous  elements  of  the 
cerebellum.  The  ventral  zones  jA&^y  an  active  part  in 
producing  the  tegmenttil  portion  of  tlie  pons  and  nuclei 
of  origin  of  the  fifth,  sixth,  and  seventli  cranial  nerv^es. 
As  in  the  medulla  so  in  the  pons,  the  ventral  tracts  are 
relatively  late  additions  to  the  t*3gmentum,  which  is  the 
primary  and  oldest  part  of  this  segment  of  the  brain  stem. 
The  bulky  ventral  nervous  niass<.ia  tiike  form  ordy  after 
the  appearance  of  the  cerebro-spinal  and  cerebro-cerebellar 
paths.  The  human  cerel>elluTn  is,  therefore,  developed 
from  the  roof -plate  and  adjacent  parts  of  the  dorsal  zones 
of  the  lateral  walls  of  the  meteneephaion. 

The  posterior  longitudinal  fasciculus  contains; 

1.  Fibres  from  the  nucleus  of  the  posterior  commissure 
(Darkschewitsch'e  nucleua)  in  advance  of  the  third  nerve 
nucleus  in  tlie  grey  matter,  about  the  upper  end  of  the 
Sylvian  aqueduct.  The  fibres  cross  to  join  the  fasciculus 
of  the  opposite  side. 

2.  Fifjres,  also  crossed,  from  the  nucleus  fasciculi 
longitudinalis  dorsalis  in  the  grey  matter  of  the  floor  of 
the  third  ventricle  in  the  vicinity  of  the  corpus  mam- 
miHare. 

3.  Fibres  crossed  and  uncrossed  from  the  vestibular 
(Deiters')  nucleus.  For  reasons  already  stated  in  dis- 
cuflsing  the  vestibular  connections,  it  is  highly  improbable 
that  the  paths  lying  between  Deiters'  nucleus  and  the 
posterior  longitudinal  fasciculus  merely  rejjresent  the  con- 
tinuations of  paths  from  the  semicircular  canals  to  Belters' 
nucleus,  and  thence  to  the  ocular  and  other  nuclei.  Many 
of  the  fibres  undoubtedly  are  continuations  of  paths  from 
the  cerebeOum  and  other  higher  centres,  perhaps,  and 
carry  eHerent  impulses,  whilst  others  are  afferent- — the 
continuations  perhaps  of  vestibular  paths,  but  their  main 
objective  jwint  ia  nut  the  sixth  nucleus,  but  rather  some 
higher  coordinating  centre.  Either  of  these  supjiositions 
makes  it  possible  to  explain  the  phenomena  observed  on 
stimulating  the  area  corresponding  to  the  location  of  the 
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sixtii  nerve  nucleus  without  according  tliia  latter  centre 
the  dignity  of  a  coordinating  centre  for  the  other  ocular 
muscles,  and  also  without  encountering  the  awkward  ob- 
jectione  the  latter  hyiDothesis  entails. 

4.  Fibres  from  the  abduceiis  nucleiie  to  the  cxjulo- 
motor  nucleus.  The  existence  of  these  or  of  any  fibres 
leaving  the  abducens  nucleus  to  enter  the  posterior  longi- 
tudinal fasciculus  is  denied  by  Schafer." 

5.  Fibres  from  the  reception  nuclei  of  the  remaining 
eensory  nerves  of  the  brain  stem  of  the  same  and  opposite 
sides.  These  fibres  are  probably  all  afferent,  their  objec- 
tive point  being  the  higher  coordinating  centres,  and 
perhaps  also  centres  at  other  levels,  which  by  their  means 
— through  the  posterior  longitudinal  fasciculus — may  he 
brought  into  relation  for  reflex  movements  of  a  lower 
order. 

6.  Fibres  traversing  the  commissura  hypothalamica 
(Edinger  ^) ,  to  reach  probably  the  mammillary  body  of 
the  opposite  side, 

7.  Fibres  probably  also  to  the  thalamus,  subthalamic 
region,  the  corpora  quadrigemina,  the  red  nucleus,  and 
the  cerebellum. 

The  connections  of  the  posterior  longitudinal  fascicu- 
lus are  important  and  far-reaching,  but  they  have  been 
only  imperfectly  worked  out.  The  connection  with  the 
cerebellum  is  undoubted,  and  yet  no  definite  path  of  any 
importance  has  been  traced.  The  same  has  to  be  said  of 
its  connections  with  other  higher  centres. 


Connections  of  the  Mesial  Fillet  or  Lemniscus 

1.  Fibres  from  the  nucleus  gracilis  and  nucleus  cunea- 
tus  which,  for  the  most  part,  cross  the  middle  line  as  the 
arcuate  fibres  making  the  sensory  decusBation  aliout  the 
upper  border  of  the  pyramidal  decussation  in  the  lower 
part  of  the  medulla  oblongata.  This  sensory  decussation 
marks  the  lowest  limit  of  the  fillet  and  the  fibres  compos- 
ing it  are  continuations  of  the  paths  represented  in  the 
posterior  fasciculi  of  the  cord,  viz.,  those  of  Goll  and 
Burdach  derived  from  the  posterior  nerve  roots  of  the 
same  side.     The  fillet  tract  is  mainly  crossed. 

2.  Fibres  from  the  reception  nuclei  of  all  the  sensory 
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cranial  nerves  connected  with  the  brain  stem.  These 
fibrea  are  mainly  crosaed. 

8.  Fibres  from  the  cells  of  the  more  extensive  nuclei, 
e.g. J  from  those  of  the  substantia  gelatinoea.  Accom- 
panying the  spinal  root  of  the  fifth  nerve,  numerous  fibres 
sweep  toward  the  raph^  and,  with  few  exceptions,  cross 
to  join  the  fillet  of  the  opposite  side. 

These  three  sets  of  fibres  constituting  the  bulho-tecto- 
thalamic  tract  course  upward  through  the  tegmentimi. 
Many  of  the  fibres  end  anDimd  the  deei>er  grey  stratum  of 
the  superior  colliculus,  some  passing  over  the  aqueduct  of 
Sylvias  to  the  opposite  colliculus.  The  remaining  fibres 
pa^  on  to  reach  the  colls  in  the  ventnd  part  of  the  optic 
thalamus,  thence  the  paths  are  continued  to  various  parte 
of  the  cerebral  cortex.  Other  fibres  said  to  l>e  derived 
from  the  cuneate  nucleus  end  in  the  coquis  subthalami- 
ciun  and  the  lenticular  nucleus.  From  the  cells  of  the 
latter,  fibres  proceed  through  the  commissure  of  Meynert 
— ^a  strand  placed  just  above  the  optic  chiasm — to  the 
lenticular  nucleus  of  the  opposite  side.  Still  other  fibres 
can  Ije  traced  into  the  posterior  conunissiire  of  the  brain 
and  into  the  mammilkry  body. 

The  fillet  has  also  strands  running  in  an  opposite 
direction.     Some  of  these  are  probably: 

4.  Fibres  from  the  ceUs  of  the  optic  thalamus  and 
cx>rpora  quadrigemina. 

5.  E  ff  eren  t  strands  wh  ich  establ  i  sli  connect  ions  between 
the  cerebral  cortex  and  the  nuclei  of  the  motor  cranial 
nerves  J  especially  the  seventh  and  twelfth.  These  eortico- 
bulbar  tracts  join  the  median  fillet  in  the  upi>er  part  of 
the  pone,  and  descend  with  it  as  far  as  the  upper  limit  of 
the  twelfth  nucleus.  This  part  is  often  called  the  crustal 
fillet.  On  reaching  the  levels  of  the  various  nuclei,  the 
fibres  destined  for  them  undergo  decussation  for  the  moat 
part, 

6.  Fibres  from  the  cerebellum  via  the  spinal  bundle 
of  the  middle  peduncle  to  the  corpora  quadrigemina  (v. 
Bechterew). 
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Connections  of  the  Superior  Colliculi  of  the  Corpora 
Quadrigemina 

Afferent  paths,  i  e. ,  to  the  colliculi. 

1.  Fibres  from  the  optic  tract  through  the  superior 
brachium  directly,  or  after  interruption  in  the  lateral  gen- 
iculate body.  Probably  some  fibres  cross  to  the  opposite 
colliculus  through  the  commissure  of  the  superior  col- 
liculi. 

2.  Possibly  fibres  from  the  lateral  geniculate  body  as 
continuations  of  the  paths  from  the  occipital  cortex  to 
the  lateral  geniculate  body.  These  latter  run  in  the  optic 
radiation,  but  are  centrifugal. 

3.  With  the  posterior  sensory  tracts  of  the  cord 
through  the  median  fillet.  Probably  some  fibres  cross  to 
the  opposite  colliculus  by  way  of  the  commissure. 

4.  With  the  cochlear  nuclei  by  way  of  the  lateral  fillet. 

5.  Fibres  between  the  superior  colliculi  and  the  pos- 
terior longitudinal  fasciculus  connecting  the  nuclei  of  the 
third,  fourth,  and  sixth  cranial  nerves  with  the  superior 
colliculus.  These  are  part  of  the  undemonstrated  fibres 
mentioned  in  the  connections  of  the  posterior  longitudi- 
nal fasciculus. 

6.  Probably  spino-tectal  fibres  travelling  with  the 
tecto-spinal  tract,  but  in  the  reverse  direction. 

7.  Fibres  from  the  substantia  nigra  by  way  of  the 
fillet  (v.  Bechterew*'). 

8.  Fibres  from  the  cerebellum  by  way  of  the  spinal 
bundle  of  the  middle  peduncle  through  the  median  fillet 
(v.  Bechterew*'). 

Note. — The  fibre  paths  grouped  under  5  and  8  are  probably 
the  afferent  cerebellar  paths  which  control  the  reflex  conjug:ate 
movements  of  the  eyes  and  the  various  forms  of  physiological 
nystagmus. 

Efferent  paths,  i.e.,  from  the  superior  colliculi. 

1.  The  tecto-bulbar  and  tecto-spinal  tracts.  These 
fibres  emerge  from  the  ventral  borders  of  the  colliculi. 
The  more  medially  situated  fibres  cross  the  raphe  to  form, 
with  the  corresponding  fibres  of  the  opposite  side,  the 
fountain  decussation  of  Meynert,  just  ventral  to  the  pos- 
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terior  longitudinal  fasciculus.  The  destinations  of  the 
fibres  of  ttiese  tracts  are  (1)  the  nuclei  within  the  brain 
stem;  (2)  undeteniiined  nuclei  in  the  spinal  cord,  most 
probably  the  ventml  ro€»t  cells.  The  fibres  t«  the  spinal 
cord  pass  by  way  of  the  ant-erior  column  of  the  cord  (fas- 
ciculus sulco-marginalie),  wiietlier  directly  or  after  inter- 
ruption being  undetermined.  The  tr&cte  are  partly 
crossed. 

2,  Some  of  the  fibres  as  they  emerge  from  the  colliculi 
can  be  traced  through  the  t-egnientura,  passing  to  the 
outer  side  of  the  red  nucleus,  piercing  the  median  fillet 
and  entering  the  substantia  nigra. 

8.  Fibres  in  the  commissure  of  the  superior  colliculi 
as  axones  of  the  cells  of  the  colliculi. 

4.  Possibly  fit>rea  to  the  lateral  geniculate  body,  the 
path  being  continued  thence  to  the  occipital  cortex. 


Comieciions  of  the  Lateral  Geniculate  Body 
Afferent  j)ath8,  i.e.,  to  the  geniculate  body. 

1.  Fibres  of  the  outer  division  of  the  optic  tract. 

2.  Fibres  (cortifugal)  from  the  occipital  cortex  by 
way  of  the  optic  radiation. 

Efferent  paths,  i.e.,  from  the  geniculate  body. 

1.  Fibres  to  the  superior  colliculus  through  the  supe- 
rior brachium.  Some  fibres  probably  reach  the  opposite 
colliculus  through  the  commissure  of  the  superior  col- 
liculi. The  superior  brachium  contains  also  fibres  from 
the  optic  tract  that  reach  the  superior  colliculus  without 
interruption  in  the  lateral  geniculate  body. 

2.  Fibres  to  the  occipital  cortex  by  way  of  the  optic 
radiations. 


Connections  of  the  Lateral  Fillet  or  Lmmiiscus 
Lateralis 

Afferent  paths,  i.e.,  toward  the  cerebrum. 

1.  Fibres  from  the  superior  olivary  nucleus  of  the 
same  side,  which  represent  the  continuation  of  the  coch- 
lear paths,  chiefly  from  the  opposite  auditory  nuclei  to 
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the  inferior  colliciiluR  and  mndian  genif^ulate  liody,  and 
through  these  latter  by  way  of  the  auditory  radiation  to 
the  cortex.  Sonn?  fibres  from  the  superior  olivary  nucleus 
pass  to  the  sixth  nucL^us,  and  by  way  of  the  posterior 
longitudinal  fasciculus  to  the  nuclei  of  the  third  and 
fourth  cranial  ner\x»s.  But  see  observations  on  the  simi- 
lar connections  of  the  vestibular  nucleus. 

2.  Fibres  from  the  cells  of  the  nucleus  of  the  lateral 
fillet,  and  poBsibly  fibres  from  the  nucleus  tegmenti 
lateralis  of  Kolliker. 

3.  Fibres  from  the  acoustic  stria?  after  mesial  decus- 
sation. 

The  fibres  of  the  lateral  fillet  end  partly  in  the  cells  of 
the  inferior  coUieuluSj  and  in  those  of  the  median  genicu- 
late body,  the  patlis  Ij^eing  continued  by  axones  from  the 
cells  of  these  bodies  to  the  auditory  cortical  areae.  Some 
fibres  of  the  lateral  fillet  probably  reach  the  inferior  col- 
liculus  of  the  opposite  side  through  the  commissure  of  the 
inferior  colliculi. 

The  lateral  fillet  mainly  represents  a  crossed  afferent 
cochlear  path. 


Conneciions  of  the  Inferior  Colliculi 

Afferent  paths,  i.e.,  to  the  colliculi. 

1.  Fibres  from  the  lateral  fillet  ending  alx>ut  the  cells 
of  the  nucleus  of  the  inferior  colliculus  of  the  same  side, 
some  fibres  probably  reaching  the  opposite  colliculus  by 
way  of  tlie  commissure  of  the  inferior  colliculi. 

2.  Fibres  from  the  cerebral  cortex,  especially  from  the 
temporal  lobe  through  the  inferior  brachium. 

Efferent  paths,  i.e.,  from  the  colliculi. 

1.  Fibres^axones  of  the  cells  of  the  inferior  colliculi — 
which  continue  the  paths  of  the  lateral  fillete  interrupted. 
in  the  coHtculi.  Tbeso  fibres  joining  with  those  con- 
tinued from  the  lateral  fillet  are  the  chief  constituents  of 
the  inferior  brachia, 

2.  Fibres  to  the  tecto-bulbar  and  tecto-spinal  tracts. 
8.   Fibres  also  pass  by  way  of  the  superior  medullary 

velum  to  the  medulla  of  the  worm. 


C&nneciio7is  of  the  Median  Geniculate  Bodies 

Afferent  paths,  i.e.,  to  the  geniculate  bodies  through  the 
inferior  bracliiiini. 

1.  Filirf^s  from  tho  lateral  fillets  which  end  about  the 
cells  of  the  nucloiof  the  median  geniculate  lx>diea.  These 
are  the  tihres  that  have  not  }>een  interrupted  in  the  in- 
ferior coiliculi. 

2.  Probably  fibres  from  the  auditory  cortex. 

Efferent  paths,  i.e.,  from  the  geniculate  Ijodies. 

1.  Fibres  forming  the  lateral  root  of  the  optic  tract 
known  us  the  inferior  commissure  of  Gudden.  After 
decuB8ation  many  of  these  fibrea  probably  are  directed 
toward  the  lenticular  nucleus.  Some  fibres  may  possibly 
end  in  the  subtlmlamic  nucleus  of  the  same  side. 

The  existence  of  fibres  from  the  metlian  geniculate 
body  to  the  median  root  of  the  optic  nerve  has  l>eea 
demonstnited.  These  fibres  are  not  concerned  in  vision, 
and  do  not  atrophy  after  enucleation  of  the  eye  as  do 
retinal  fi fires.  They  probably  repn^sent  in  us  older  and 
little  used  paths  for  protective  reflexes  analogous  to  those 
paths  which  enable  the  frog,  deprived  of  its  cerebrum, 
to  "see*'  sufficiently  t*>  escape  objects  in  jimiping, 
although  it  is  unable  to  recognize  anything.  Similar 
unused  paths  can  l;»e  traced  in  the  olfactory  organs.  It  ia 
possible  that  these  paths  may  still  function  to  some 
extent  in  abnormal  conditions  of  heightened  irritability, 
as  in  the  nausea  of  seasickness. 

2.  FibriiB — the  axones  of  the  cells  of  the  median  gen- 
iculate lx>dies — which  continiie  the  paths  of  the  lat^eral 
fillet,  not  interrupted  in  the  inferior  collicuii,  to  the  audi- 
toiy  cortex. 

Connections  of  the  Inferior  Olivary  Nucleus 
Afferent  paths,  i.e.,  toward  the  nucleus. 

1.  Filsres  from  the  cerebellar  cortex ^  the  worm,  and 
the  nucleus  dentatua  through  the  restiform  body,  through 
the  nucleus  of  the  same  side,  mainly  without  interruption, 
across  the  middle  line,  to  end  in  the  nucleus  of  the  opp«> 


site  Bide.  These  fibres  constitute  an  efferent  cerebellar 
pathj  continued,  perhaps,  by  fibres  which  spring  aa 
axones  of  the  olivary  cells,  and  which  descend  in  the 
anterior  ground  bundle  of  the  cord  (KollikeT).  It  ia 
probable  that  the  paths  nj'presented  here  cross  the  middle 
line  twice.      (See  "Efferent  paths"  below.) 

2.  Fibres  from  Deiters'  nucleusj  which  pass  to  the 
olive  of  the  same  side,  thence  across  the  middle  line  to 
the  olive  on  the  opposite  side,  and  through  the  restiform 
body  to  the  cerebelliun.  These  fibres  represent,  in  part  at 
leajst,  the  continuation  of  vestibular  paths  interrupted  in 
Deiters'  nucleus,  and  are  generally  known  as  the  descend- 
ing vestibular  olivary  tract.  It  seems  more  correct  to  call 
them  the  crossed  vestibulo-olivo-cerebellartmct  for  reasons 
stated  in  discussing  the  vestilnilar  connectionB, 

8.  Fibres  from  Helweg's  ftiaciculus,  probably  an  affer- 
ent C5erebellar  pathway. 

Efferent  paths,  that  is,  from  the  inferior  olivary  nucleus. 

1.  Fibres  aa  axones  of  the  olivary  cells  passing  down 
in  the  anterior  ground  bundle  of  the  cord  (Kolliker). 
These  fibres  in  part  may  represent  the  continuations  of 
efferent  cerebellar  paths,  beginning  in  the  roof  nucleus, 
thence  to  Deiters'  nucleus  of  the  opix>site  side,  thence 
with  or  without  interruption  they  descend  to  the  inferior 
olive  on  the  same  sidcj  and  crossing  to  the  opposite  olive 
end  about  tJie  neurones  of  the  olivary  nucleus.  Such  a 
pathway  crosses  the  middle  line  twice,  bringing  thus  each 
half  of  the  cerebellum  into  relations  with  the  stnictun^ 
on  the  same  side  of  the  Ixjdy.  See  "Olivo-cerebellar 
fibres,"  under  the  connections  of  the  inferior  plkI uncle. 
Another  possible  means  of  double  decussation  of  tlieae 
paths  is  discussed  xmder  the  veatibulo-epinal  tract  in  the 
oord  (q.v.). 

2,  Fibres  from  the  inferior  olive  to  the  opposite  olive^ 
thence  through  the  restiform  body  to  the  cerebellar  cortex, 
the  worm  and  the  nucleus  dentatus.  &mie  fibres  ascend 
to  the  cerebellum  from  the  olive  of  the  same  side.  This 
set  of  efferent  olivary  flbrea  consista  mainly  of  afferent 
cerebellar  fibres,  and  represents  most  probably  the  con' 
tinuation  of  vestibular  paths,  int/»?rrupted  in  Deiters' 
nucleus  J  and  perhaps  also  in  ei*-her  one  of  the  olivary 
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nuclei.  This  set  of  fibres  is  mentioned  under  both  a^Fereni 
and  efferent  paths,  because,  owing  to  the  peculiar  relations 
of  the  olives  to  each  other,  the  filjres  that  are  afferent  to 
one  olive  are  frequently  efferent  in  relation  to  the  other* 

The  accessory  olivary  nuclei  are  two  irregular,  plate- 
like miisaea  of  grey  matter  that  lie  respectively  meaially 
and  dorsally  to  iihe  chief  olive.  Their  connections  are  in 
the  main  those  of  the  chief  olivary  nuclei. 


Connections  of  the  Superior  Olivary  Kttehus 
Afferent  paths,  i.e.,  to  the  nucleus. 

1.  Fibres  from  the  cochlear  nuclei »  mainly  of  the 
op[XJeite  side.  The  continuation  of  these  paths,  aft-er 
intjerruption  in  the  superior  tjlive,  n^prewentfl  the  chief 
source  of  the  lateral  fillet.  The  axones  of  the  ventral 
cochlear  nucleus  and,  to  some  extent,  those  of  the  lateral 
coclilear  nucleus,  as  they  tmverse  the  upper  part  of  the 
pons  toward  the  superior  olive  on  the  opposite  side  fonn 
a  conspicuous  transverse  tract — the  corpus  trapezoides — 
that  separates  the  tegmenttd  from  the  ventral  region  of  the 
pons.  Some  large  cells  found  within  the  corpus  trape- 
zoides are  known  as  the  nucleus  trapezoideus.  These 
cells  give  off  axones  to  the  trapezoid  Ijodj  paths,  and 
probably  in  part  to  the  superior  olivary  nucleus. 

2.  Fibres  from  the  lateral  half  of  the  cerebellum  of  tlie 
same  side  as  the  cerebello-supcrior  olivary  tract.  Accord- 
ing to  V.  Bechterew  these  fibres,  aft-er  decussating  in  the 
middle  line,  pass  from  the  cerebellar  roof  nucleus,  and  go 
directly  or  through  the  fibres  of  the  trapezius  to  the 
superior  olive.  There  is  reason  for  believing  that  this  is 
a  cerebellar  centripetal  tract,  l>ut  v.  Bechterew  believes  it 
to  be  centrifugal  because  of  the  direct  communication  of 
the  superior  olive  w^ith  the  al>diicent  nuch?i,  and  because 
of  the  relation  of  the  latter  to  reflex  ocular  movements. 

Efferent  paths,  i.e.,  from  the  nucleus. 

1.  Fibres,  as  axones  of  the  nucleus,  which  are  the  chief 
source  of  origin  of  the  lateral  fillet,  Tiiey  represent  the 
continuation  of  cochlear  paths  to  the  inferior  colli{'ulu8, 
median  geniculate  ]>cidy,  and  auditoiy  coi-tex. 

2,  Fibres  to  the  nucleus  of  the  sixth  nen^^  and  oth(?r 


fibres  by  way  of  the  posterior  longitudinal  fasciculus  to 
the  other  oculo-motor  nuclei.  For  reasons  stated  in  dia- 
cuBfiing  the  vestibular  connections  with  the  sixth  nucleus, 
these  fibres  are  not  -to  be  considered  as  altogether  mere 
continuations  of  cochlear  paths,  but  are  nitlier  to  be  taken 
in  the  main  as  a  part  of  many  efferent  paths  from  higher 
coordinating  centres,  e.g.,  the  cerebellum. 

V.  Bechterew  *^  considers  these  fibres  as  the  continua- 
tion of  a  cerebello-superior  olivary  tract,  carrying  cere- 
bellar centrifugal  impulses,  and  analogous  to  the  fibres 
in  the  superior  cerebellar  peduncle  to  the  oculo-motor 
nucleus  of  the  opposite  side.  This  opinion  is  in  harmony 
with  the  views  repeatedly  expressed  in  these  pages  con- 
cerning the  relations  between  the  various  cranial  nerve 
nuclei,  and  notably  tetween  the  vestibular,  sixth  and 
third  nerve  nuclei. 

The  cerebellum  consists  of  two  latend  loljes  or  hemi- 
spheres connected  by  a  metlian  lobe,  the  vermis.  All 
these  divisions  are  subdivided  into  various  lobules,  the 
surfaces  of  which  are  marked  by  parallel  transverse  folds 
or  laminae,  which  give  off  secondary  and  tertiary  laminfe. 
The  general  appearance  presented  on  section  is  known  as 
the  arbor  vitte.  The  surface  of  the  cerelDellum  is  com- 
posed of  grey  matter,  the  cortex,  enveloping  the  white 
matter.  There  are  also  masses  of  grey  matter— the  in- 
ternal nuclei— within  the  cerebellum  imbedded  in  the 
white  matter.     The  fil>res  that  enter  tlie  cerciljellum  are: 

1.  From  the  restifonu  body,  (a)  from  the  dorsal 
spino-cereljellar  tract  to  the  cortex  of  the  venuis;  (b) 
olivo-cerebellar  fibres  to  the  whole  cortex;  (c)  fibres  from 
the  lateral  nucleus,  and  possibly  from  other  nuclei  in  the 
reticular  formation, 

2.  The  continuations  of  vestibular  root-fibres  to  the 
vermis. 

3.  Fibres  from  the  ventral  spino-cerebellar  tract  to  the 
vermis* 

4.  Fibres  from  the  nucleus  pontis  to  the  cortex  of  the 
hemispheres. 

The  internal  cereMIar  nuclei  are:  (1)  the  dentiite 
nucleus ;  (2)  the  roof  nucleus  or  nucleus  fastigii ;  (3)  the 
nucleus  emtolifonnis;  and  (1)  the  nucleus  glolx^sus. 
The   globosus   is  connected    by    uncertain   and  limited 
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attachments  with  the  roof  nucleus  and  emk:ilES.  It  is 
also  eonnectied  with  the  postero- inferior  part  of  the  den- 
t&te  nucleus.  Hence  these  nuclei  are  more  or  less  con- 
tinuous masBeaof  grey  mattjor.  The  gloliosus  and  eniboli- 
fomiis  are  but  incompletely  separated  parts  of  the  nucleus 
dentatus.  The  cortical  cells  do  not  send  axonea  outside 
the  cerebellum,  all  efferent  paths  being  interrupted  in  the 
internal  nuclei.  The  dentate  nucleus  receives  fibres  from 
the  ci>rtex  of  the  heniisphereB.  The  glohosusand  eniboli- 
formis  receive  fibres  from  the  cortex  of  the  vermis »  whilst 
tlie  nucleus  fastigii  receives  fibres  from  various  parts. 
The  axones  of  the  nucleus  fastigii  (fastigio-bul bar  fibres), 
for  the  most  part  as  crt>s8ed  patlis,  pass  tt>  the  vestibular 
andj  possibly,  to  other  reticular  formation  nuclei.  The 
axones  of  the  remaining  intjernal  cerebellar  nuclei  pass  in 
the  superior  peduncle.  There  may  be  some  efferent  fibres 
in  the  middle  peduncle  to  the  reticular  fornjation  nuclei, 
but  the  greater  part  of  this  peduncle  consists  of  ponto- 
cerebellar fibres.  The  inferior  and  middle  pedimclea  are 
thus  largely  afferent,  whilst  the  superior  peduuolo  is  effer- 
ent in  great  part  to  the  red  nucleus,  thalamuSj  and  nucleus 
of  the  third  nerve. 

The  commiissural  tracts  constitute  part  of  the  white 
matter  of  the  cerebellum. 

The  anterior  (superior)  commissure  is  the  larger,  and 
lies  in  front  of  the  dentate  nucleus,  whilst  the  posterior 
(inferior)  commissure  lies  behind  the  nucleus.  Elach 
crosses  the  middle  Ihie  to  pass  into  the  opposit.e  hemi- 
sphere, thus  constituting  tbo  anterior  and  posterior  cere- 
bellar decussations. 


Connections  of  the   Worm  (  Vermis) 
Within  the  substance  of  the  worm  are: 

1.  The  superior  cerebellar  commissure.  This  consists 
of  fibres  passing  in  frf>nt  of  the  roof  nucleus.  Beyond 
the  worm  on  either  side  the  fibres  expand  into  the  main 
limbs  of  the  medullary  tree.  This  commissure  is  the  main 
link  between  the  cortical  arenas  of  the  cerelxdlar  hemisphere. 

2,  The  inferior  cerebellar  ccaumissure  passes  Ivehind 
the  roof  nucleus  as  a  number  of  email  transversely  cours- 
ing bundles. 


3,  The  decussation  of  the  roof  nuclei.  This  differs 
fmm  the  commis8unil  tra<'t  just  mentioned.  It  consiete 
of  rounded  bundles  traversing  the  roof  nucleus,  especi- 
ally its  anterior  (eii]5erior)  part.  More  distallj  the  fibres 
skirt  tlie  dorsal  margin,  and  still  farther  l^iickward  they 
invade  the  beginning  of  the  raeduUaiy  limb. 

4.  The  median  sagittal  bundle  extends  from  the  supe- 
rior medullary  velum,  beneath  the  roof  nucleus  into  the 
medulla  of  the  worm.  Above,  these  fibres  are  continued 
upward  through  the  medullary  velum  and  into  the  inferior 
cxjlliculus. 

The  separate  extra-cerebellar  connections  of  the  worm 
have  not  been  successfully  traced.  Various  experiments, 
however,  pjint  to  the  woitq  as  containing  most  important 
coordinating  centres  with  wide  peripheral  relations. 

The  8U|>erior  medullary  velum  is  a  shec^t  of  white  mat- 
ter extending  from  beneath  the  corpora  qnadrigemina  to 
the  medullary  sul>stance  of  the  cerebellum.  Laterally,  it 
is  attached  to  the  superior  cerebellar  peduncles,  thus 
forming  the  roof  of  the  upper  part  of  the  fourth  ventricle, 
where  its  ventml  surface  is  lined  by  ependyma.  Dor- 
sally,  it  is  overlaid  by  the  rudimentary  folia  of  the 
lingula.     Its  connections  are: 

1,  Fibres  of  the  median  sagittal  bundle  passing  be- 
tween the  medulla  of  the  worm  and  the  inferior  colliculi. 
The  function  of  these  fibres  has  not  been  determined. 

The  inferior  medullary  velum  als<j  consists  of  white 
matter,  and  is  attached  for  some  distance  to  the  front  and 
lower  surface  of  the  nodule.  Its  connections,  so  far  as 
known,  are  merely  mechanical. 

The  fourth  ventricle  communicates  freely  with  the 
subarachnoid  space  of  the  cord  through  the  foramen  of 
Miigendie,  situated  in  the  median  part  of  the  rtimi  of  the 
fourth  ventricle,  and  also  through  the  foramina  of 
Luachka  in  the  lateral  recesses  of  the  ventricle. 


Connections  of  the  Pontine  Nucleus 
Afferent  paths,  i.e.,  to  the  uucIgub. 

1,  Fibres  from  the  cortex  of  the  fnjntal,  temporal ^  and 
occipital  lobes  of  the  same  side  as  constituents  of  the 
fronto-cerebellar  and  temporo-occipito-cerebellar  tracts. 


60 


SEMICIRCULAR  CANALS 


2.  Collaterals  from  the  pyramidal  tracts,  thus  estab- 
lishing connections  between  the  motor  areas  of  the  cortex 
and  the  pontine  nuclei. 

Efferent  paths,  i.e.,  from  the  nucleus. 

L  Ponto-cereliellar  fibres — the  immediate  constituents 
of  the  middle  peduncle — ^which,  for  the  most  partj  cross 
the  middle  line  to  reach  all  parts  of  the  cortex  of  the 
cerebellar  hemisphere  and  of  tlie  worm,  and  possibly 
the  nucleus  dentatus. 

According  to  some  authors  the  assumption  that  the 
efferent  cerebello-pontino  fibres  end  about  the  cells  of  the 
pontine  nucleus  lacks  the  support  of  more  recent  observa- 
tions. (See  note  on  the  Connections  of  the  middle  cere- 
bellar i^eduncle.) 

The  red  nucleus  conaista  of  an  ovoid  reticulated  field 
on  either  side  of  the  median  line  in  the  upper  half  of  the 
mid-brain,  extending  from  the  lower  border  of  tlie  su- 
perior coUiculus  to  a  short  distance  within  the  subthala- 
mic region.  Each  nucleus  coneiste  of  a  complex  of  giey 
matter  and  fibres. 


Oomteclions  of  the  Red  Nuvkns  (Nucleus  Ruber, 
Nucleus  Tegmenti) 

Afferent  paths,  i.e.,  to  the  nucleus. 

1.  Fibres  from  the  superior  cerebellar  peduncle.  As 
the  decussation  of  this  peduncle  begins  about  the  upper 
third  of  the  inferior  coUiculus,  and  is  best  ninrked  oppo- 
site the  superior  colliculi,  it  is  evident  that  the  red 
nucleus  receives  fibres  as  follows:  (a)  uncrossed  fibres 
from  the  peduncle  of  the  same  side;  (b)  crossed  fibres 
from  the  peduncle  of  the  opposite  side. 

2.  Fibres  of  the  efferent  cerebello-pontine  tract  in  the 
middle  peduncle  (v.  Becbterew).  These  fibres  represent 
a  crossed  path  from  the  half  of  the  cerebellum  on  the 
opp<j9itG  aide. 

8,  Fibres  that  enter  the  nucleus  on  its  lateral  aspect 
from  the  cerebml  cortex  (Dejerine^)  and  probably  also 
from  the  corpus  striatum  (Edingor),  e.g.,  fibres  included 
in  the   tractus   strio-thalamieus,  which   pass   from   the 
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caudate  nucleus  and  putamen  to  the  thalamus,  subthala- 
mic body,  and  the  red  nucleus. 

Efferent  paths,  i.e.,  from  the  nucleus, 

1.  Fibres  to  the  optic  thalamus  fts  axones  of  the 
rubral  neurones.  These  fibres  represent  the  continuation 
of  the  paths  of  the  superior  cereliellar  peduncle,  inter- 
mpted  in  the  nucleus.  From  the  thalamus  the  path  is 
continued  to  the  cerebral  cortex. 

2.  Fibres — the  axonea  of  the  mbral  neurones — which 
join  the  rubro-spinal  tract,  having  crossed  in  the  decussa- 
tion of  Forel.  These  reprcBent  the  continuation  of  the 
paths  from  the  cerebral  cortex  and  coqjus  striatum,  and 
are  to  Ije  considered  as  indirect  motor  paths  supplemental 
to  the  cortico-spinal  pyramidal  tracta. 

3.  Fibres — the  axones  of  the  rubral  neurones — which 
emerge  from  the  veutro-medial  surface  of  the  nucleus, 
cross  the  middle  line  in  the  decussation  of  Forel,  and 
turn  downward  as  the  rtibro-spinal  tract.  This  latter 
descends  within  the  tegmentum  of  the  mid-brain  and 
pons,  traverses  the  medulla,  and  finally  enters  the  lateral 
column  of  the  cord. 

The  rubro-spinal  tract,  therefore,  carries  efferent  im- 
pulses as  follows : 

1.  From  the  cerebral  cortex  and  corpus  striatum  of  the 
opposite  side,  the  path  crossing  once  in  the  decussation 
of  Forel. 

2.  From  the  cerel>el!uui  of  the  same  side,  (a)  by  way 
of  the  superior  peduncle,  the  path  crossing  in  the  pedun- 
cidar  decussation  and  recrossing  in  Forel 's  decussation; 
(b)  by  way  of  the  middle  peduncle,  the  path  crossing  in 
the  pons  to  reach  the  red  nucleus  and  recrossing  in 
Forel 's  decussation.  Ferrierheld  that  the  middle  pedun- 
cular fibres,  after  crossing  the  middle  Hue,  join  the  py- 
ramidal tracts  and  recross  in  the  decussation  of  the  latter. 

The  optic  thalamus  is  mainly  a  great  ganglionic  inter- 
node  in  tfie  corticipetid  paths.  Most  of  the  afferent  paths 
from  the  cord,  bmin-steui,  and  cerel>el!uni  end  about  its 
cells,  tlience  corticipetal  fibres  pass  to  all  parts  of  the 
cerebral  cortex  and  to  the  corjnis  striatiun.  The  thala- 
mus also  receives  fibres  from  all  parta  of  the  cerebral  cor- 
tex, and  from  it  efferent  fibres  proceed  to  the  lower  centreE^ 
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in  the  brain-etem  and  cord.  The  etratmn  Konale  is  a  thin 
3ayer  of  nerve  fibres  on  the  superior  surface  of  the  thala- 
BHiB.  The  fi!}res  can  be  traced  to  the  optic  tract  on  the 
one  hand  and  to  the  optic  radiations  on  the  other.  The 
thalamus  is  connected  with  its  fellow  by  a  bridge  of  grey 
matter  with  few  white  fibres,  the  niassa  intemiedia.  Lat- 
erally the  thalamus  blends  with  tlie  internal  capsule.  The 
reticulated  stratum  on  the  ventro-lateral  surface  consti- 
tutes the  medullary  lamina.  It  consists  of  numerous 
fibres  to  and  from  the  thalamus.  The  ventral  surface  of 
the  thalamus  resta  on  the  prolongation  of  the  tegmental 
part  of  the  cerebral  peduncle,  and  is  called  the  subthalamic 
tegmental  region.  The  ventral  nucleus  receives  the  great 
sensory  paths.  This  nucleus  and  the  ganglion  habenulse 
are  the  oldest  of  the  thalamic  nuclei,  being  found  in  all 
vert^ebrates  ( Ed  i nger  ^) . 

The  optic  thalamus,  subthalamic  body,  and  the  lateral 
geniculate  }x>dy  constitute  the  main  divisions,  in  regard 
to  functioUj  of  the  diencephalon.  The  thalamus  itself 
contains  some  twenty  grey  nuclei  (Nissl,  v.  Monakow). 
The  subthalamic  body  and  the  lateral  geniculate  l>ody 
may  be  regarded  as  grey  nuclei,  somewhat  analogous  to 
the  nuclei  of  the  thalamus,  only  more  distinctly  separable 
from  the  latter  structure.  Relatively  to  its  bulk  the 
region  sends  few  fibres  caudally,  but  it  sends  numerous 
fibre-s  to  the  telencephalon  (c.  striatum  and  cortex). 


Connections  of  the  Optic  Thalamus 
Afferent  patlis,  i.e.,  to  the  thalamus, 

1.  Fibres  directly  from  the  cord  as  the  spino- thalamic 
and  probably  some  from  Gowers'  tract.  The  relation  is 
mainly  a.  crossed  one. 

2,  Fibres  from  the  cereMlumj  (a)  directly,  as  cere- 
bello-thalamic  fibres  from  the  same  and  opposite  side; 
fb)  indirectly,  after  interruption  in  the  red  nucleus,  as 
me  rubro-thalamic  fibres. 

8.  Fibres  from  the  various  nuclei  by  way  of  the  median 
fillet,  i.e.,  (a)  from  the  gracile  and  cuneate  nuclei,  con- 
tinuing upward  the  paths  of  the  posterior  fasciculi  of  the 
cord  after  decussation  for  the  most  part;  (b)  from  the 
ii^peption  nuclei  of  pll  the  sensory  cranial  nerves,  ha  well 
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as  from  the  more  extoneive  nuclei.  (See  Median  fillet 
connections.) 

4,  Prolmbly  fibres  of  other  'tracts  which  arise  within 
the  tegmental  area  of  the  brain-stem,  e.g.,  undemon- 
fitrated  fibres  from  the  posterior  longitudinal  fasciculus- 

5*  Fibres  frtjm  all  parts  of  the  cerebral  cortex,  which 
pass  in  the  thalamic  radiation  as  cortifugal  paths. 

6.  Fibres  of  the  tractus  strio-thalamicus,  from  the 
caudate  nucleus  and  putamen.  Sume  fibrt3s  from  the 
caudate  nucleus  reach  the  thalamus  directly  by  way  of 
the  internal  capsule. 

7.  Fibres  as  a  strand  from  the  cortex  of  the  olfactory 
bulb. 

8.  Fibres  (thalamocipetal)  from  the  optic  tract,  and 
from  the  optic  radiation.  These  fibres  constitute  the 
stratum  zonale — a  layer  of  white  matter  on  the  superior 
aspect  of  the  thalamus.  The  fibres  from  the  lateral  root 
of  the  optic  tract  are  superficial,  and  cross  the  external 
geniculate  body  to  spread  over  the  thalamus.  The  fibres 
from  the  occipital  cortex,  by  way  of  the  optic  radiation, 
invest  the  pulvinar. 

9.  Fibres  of  the  stratum  zonale  from  the  temporal  cor- 
tex via  the  ventral  stalk. 

10.  Fibres  in  the  nmramiOo-thalamic  tract  being  a 
continuation  of  the  paths  leading  froni  the  olfactory 
cortical  areas  in  the  uncus  and  hippocampus  to  the  mam- 
mi  llary  nuclei. 

Efferent  paths,  i.e.,  from  the  thalamus. 

1.  Fibres — ^the  thalamo-cortictil — which  issue  from 
the  latero- ventral  surface  of  the  thalamus,  and  proceed  to 
all  parts  of  the  hemisphere,  some  crossing  to  the  opposite 
side  by  way  of  the  corpus  callosum.  The  fibres  are  con- 
ventionftlly  grouped  intti  bundles,  called  the  stalks  of  the 
thalamus.  Each  stalk  is  named  according  to  its  rela- 
tione. Thus  there  is  a  frontal,  a  parietal,  an  occipital, 
and  a  ventral  stalk*  The  frontal  stalk  traverses  the 
internal  capsule  between  the  caudate  and  lenticular  nuclei, 
to  which  it  gives  fibres  and  ends  in  the  frontal  cortex. 
Tlie  parietal  stalk  enters  the  internal  capsule^  and  fre- 
quently the  lenticular  nucleus  in  ita  course  to  the  parietal 
cortex.     Other  fibres  destined  for  tlie  parietal  lobe  and 


the  adjacent  parts  of  the  froBtal  \o\w,  are  contimmtionB  of 
the  paths  of  tlie  mesial  fillet.  These  fibres  emerge  mostly 
from  the  ventral  tlialamic  nucleus,  pass  outward  to  the 
under  surface  of  the  lenticular  nucleus;  then,  bending 
upward,  traverse  the  lenticular  nucleus  by  way  of  the 
medullary  striae,  or  the  globus  pallidua  to  reach  the  cor- 
tex. Other  fibres  possibly  continue  the  fillet  path  by 
entering  the  internal  capsule,  and  thus,  perhaps,  reach 
the  cortex  directly.  The  occipital  stalk  connects  tlie 
thalamus  with  the  visual  cortical  areas  of  the  occipital 
and  parietiil  lol>es.  The  fibres  issue  from  the  lateral 
surface  of  the  pulvinar  and  as  the  optic  radiation  sweep 
outward  and  backward  around  the  posterior  horn  of  the 
lateral  ventricle  to  reach  the  cortex.  The  ventral  stalk 
emerges  from  the  fore  part  of  the  ventral  Burftu.^e  of  the 
tlialaraus,  arising  from  the  lateral  and  mesial  nuclei.  It 
paases  downward  and  outward  beneath  the  lenticular 
nucleus,  and  includes  two  systems  of  fibres.  Its  lower 
part — ansa  pedimcularia — continues  laterally  into  the  cor- 
tex of  t!ie  temporal  and  central  lobes.  Its  upper  part — 
ansa  lenticularis— skirta  the  adjacent  border  of  the  len- 
ticular nucleus,  which  it  enters  to  gain  the  putamen;  or, 
continuing  through  the  lenticular  nucleus  via  the  medul- 
lary laminse,  it  reaches  the  caudate  nucleus. 

The  efferent  fibres,  i.e.,  from  the  thalamus  are,  therefore: 

1.  To  the  frontal  cortex  and  to  the  caudate  and  len- 
ticular  nuclei. 

2.  To  the  parietal  cortex  and  lenticular  nucleus. 

8.  Fibres  to  the  parietal  and  frontal  lolit^s  as  continua- 
tions of  the  paths  of  the  mesial  fillet  via  the  lenticular 
nucleus,  the  medullary  stria?,  or  the  globus  pallidus  to 
the  cortex. 

4.  Fibres  that  possibly  continue  the  fillet  path  to 
reach  the  cortex  directly,  via  the  internal  capsule. 

5.  Fibres  to  the  cortex  of  the  occipital  and  parietal 
lobes. 

6.  Fibres  of  the  ventral  stalk,  (a)  to  the  cortex  of  the 
temporal  and  central  lobes  via  the  ansa  peduncularis;  (b) 
to  the  putamen  as  fibres  of  the  ansa  lenticularia  through 
the  lenticular  nucleus,  or  to  the  caudiite  nucleus  through 
the  lenticular  nucleus  and  the  medullar}^  laminae* 
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7.  Fibres  in  the  tbalamo-mammillary  tract,  the  paths 
possibly  being  continued  thence  to  the  olfactory  cortex  by 
way  of  the  anterior  pillar  of  the  fornix,  or  by  way  of  the 
mammillo-tegmentid  strands  to  the  t/ti'gmentiim  of  the 
mid-brain  and  to  h:>wer  levels.  In  every  instance  where 
the  thalamus  is  connect>ed  with  the  cortex,  i.e.,  where 
there  are  cortico-thalamic  paths,  there  are  also  paths  in 
the  reverse  direction,  i.e.,  thalamo-coitical  paths. 

The  epithalamus — a  subdivision  of  the  thalamencepha- 
lon — includes  the  trigonum  habenulse,  the  pineal  body, 
and  the  posterior  commissure. 

In  the  trigonum  habenuJcB  the  striee  mark  the  site  of 
the  taenia  thalami  and  the  still  deeper  ganglion  habenulse. 
The  source  of  the  fibres  of  the  striae  medullares  is  uncer- 
tain. 

Probable  constituents  of  the  strice  medullares. 

1.  Fibres- — the  olfactory  habenular — ^arising  from  the 
cells  within  the  septum  lucidum  and  the  olfactory  area. 

2,  Fibres^ — the  cortico-habenular — from  the  cortical 
cells  within  the  hippocampus  and  the  adjacent  area,  and 
by  way  of  the  fornix  and  its  anterior  pillar,  reaching  the 
fore  end  of  the  thalamus  to  pass  backward  within  the 
medullary  striffi. 

Many  fibres  of  the  strise  medullares  end  about  the  cells 
of  the  ganglion  habenulge,  Some,  however,  reach  the 
pineal  body  through  the  peduncle  of  the  latter,  cross  in 
the  commissura  habenulae,  and  end  alx)ut  the  cells  of  the 
opposite  habenular  nucleus. 

The  ganglion  habenulfc  in  turn  gives  origin  to  the 
fasciculus  retroflexus  of  Meynert,  which  arches  backward 
and  downward,  passing  between  the  central  grey  matter 
of  the  third  ventricle  and  the  thalamus  proper^  then  to 
the  mesial  side  of  the  red  nucleus  to  reach  the  base  of  the 
brain,  where  it  ends  about  the  cells  of  the  interpeduncular 
ganglion.  This  nucleus  is  a  well-dehned  collection  of 
cells  in  many  animals.  In  man  it  consists  of  a  scattered 
median  cell  group  within  the  posterior  perforated  space, 
close  to  the  anterior  border  of  the  pons.  The  fasciculus, 
aliJO  called  the  hal>enulo-peduncuiar  trayct,  receives  fibres 
from  the  ganglion  habenular  of  both  sides,  some  fibres 
having  crossed  in  the  habG?niilar  commissure.     The  ma- 
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jori^  of  ite  abres,  mostly  crossed^  end  in  the  interpedun- 
cular ganglion.  Many,  however,  may  l>e  traced  farther 
caudaUy  within  the  tegmentum  of  the  brain  stem  (Ober- 
steiner*''),  as  may  also  fibres  from  the  ganglion  inter- 
peduncnlare. 

The  pineal  body  is  situated  just  over  the  superior  ool- 
liculi.  Its  stalk  is  continuous  with  the  medullary  striae. 
The  body  contains  laminated  parti clet  of  carbonate  and 
phosphate  of  lime*  Structurally  it  resembles  the  inverte- 
brate visual  organ.     It  is  highly  developed  in  reptUes, 

The  posterior  commissure  (commissura  posterior  cere- 
bri) provides  paths  by  which  fibres  from  various  sources 
undergo  median  decussation.  It  is  a  small  cordlike  band 
of  white  matter  overlying  the  superior  entrance  of  the 
aqueduct  of  S\'lvius.  It  is  partially  covered  by  the 
habenular  commissure  and  the  pineal  peduncle  above. 
Behind  and  laterally  it  is  continuous  with  the  superior 
colliculi.  It  is  present  in  all  vertebrates,  and  becomes 
myelinated  early  (Edinger  *) .  The  probable  constituents 
of  the  posterior  commissure  are: 

L  Fibres  from  the  nucleus  of  the  posterior  commis- 
sure. 

2.  Fibres  from  the  nucleus  of  the  posterior  longitu- 
dinal fasciexilus,  located  in  the  grey  matter  of  the  Siird 
ventricle  near  the  mammillary  bodies. 

8.  Fibres  from  the  posterior  tract  of  the  thalamus  of 
the  opposite  side,  which  descend  within  the  tegmentum, 
lateral  and  ventral  to  the  posterior  longitudinal  fasciculus. 

4.  Fibres  which  cross  to  join  the  fasciculus  retro- 
flexus. 

5.  Fibres  from  the  median  fillet, 

6.  Fibres  from  the  superior  cerebellar  peduncle  to  the 
thalamus  on  the  opposite  side. 

7.  Perhaps  fibres  from  the  deeper  grey  stratum  of  the 
corpora  quadrigemina  to  the  cerebral  cortex  of  the  oppo- 
site side. 

The  subthalamic  region  occupies,  on  each  side  of  the 
middle  line,  a  triangular  area  between  the  thalamus 
above  and  the  internal  capsule  and  its  prolongation — the 
crusta  of  the  pedimcle — below.  It  is  a  link  between  the 
mid-brain  and  the  diencephalon,  and  contains  the  up- 
ward prolongation  of  the  tegmentum  of  the  cerebral  pedun- 
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cles,  the  thalamoci petal  patha  of  the  fillet  and  of  the 
superior  cerebellar  peduncles,  the  upper  extreuiities  of 
tlie  substantia  nigra  and  of  the  red  nucleus,  and  a  new 
mass  of  grey  matter — the  corpus  subthalamicum. 

The  substantia  nigra  extends  through  the  mid-brain 
from  the  upper  borders  of  tbe  pons,  almost  to  the  level  of 
the  mammillary  body  in  the  subthalamic  region.  It 
separates  the  t+'gmentum  f rom  the  crustaof  the  peduncles, 
and  contains  numerous  ini^gularly  scattered  nerve  cells, 
which  are  pigmented.  Along  its  ventral  border  lie  the 
nuclei  of  origiji  of  the  third  and  fourth  nerves,  and 
within  its  lateral  parts  the  nuclei  of  the  mesencephalic 
roots  of  the  fifth.  The  functions  and  connections  of  the 
neurones  within  the  substantia  nigra  are  but  little  known. 


Probable  Connections  of  the  Substantia  Nigra 
Afferent  paths,  i.e.,  to  the  substantia  nigra. 

1.  Fibres  from  the  caudate  nucleus  and  the  putamen, 
and  perhaps  from  the  frontal  cortical  areas. 

Efferent  paths,  i.e.,  from  the  substantia  nigra. 

1.  Fibres  passing  into  the  tegmentum  and  the  crusta, 
and  thence  to  lower  levels. 

2.  Fibres  to  the  fillet  to  reach  the  superior  coUiculus 
(v.  Bechti^rew  ^*) . 

The  corpus  subthalamicum,  or  nucleus  of  Luys,  lies 
just  dorsal  to  the  crusta,  and  lateral  to  the  red  nucleus 
and  substantia  nigra.  Superiorly  it  extends  considerably 
beyond  the  red  nucleus,  and  consists  of  a  network  of  hue 
nieflullated  fibres,  enclosing  pigmentixl,  multipolar  nen-e 
cells.  The  dorsal  surface  of  the  nucleus  is  defined  by  the 
overlying  latfjral  parte  of  the  field  of  Forel,  which  consists 
of  a  stream  of  fibres  passing  between  the  red  nucleus  and 
the  thalamus  and  internal  capsule. 

Conneciions  of  the  Corpus  Subihalamicnm 

1,  Fibres  from  the  ventml  surface  of  the  nucleus, 
which  pierce  the  adjacent  cmsta  and  join  the  ansa  len- 
ticularis  to  gain,  probably,  the  globus  pallidua. 

2,  Fibres — perforating — which    connect    the   nucleus 
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with  Meynert's  and  Gud den's  commissures  (Ober- 
steiner  *^) . 

The  commissura  hypothalamica  traverses  the  floor  of 
the  third  ventricle  above  the  raamrailhuybodie-s,  and  con- 
nects the  ventro-mesial  ends  of  the  two  subthalamic 
bodies. 

The  commifisura  hypothalamica  contains  also: 

1.  Fibres — decussating — from  the  anterior  pillars  of 
the  fornix.  These  fibres  reach  the  mammillary  body  as  a 
crossed  tract. 

2.  Fibres  from  the  posterior  longitudinal  fasciculus 
(Edinger*^). 

The  corpora  mammillaria  mark,  by  their  posterior 
surfaces^  the  aoterior  limit  of  the  ventral  surface  of  the 
mid-brain.  Each  body  consists  of  an  outer  layer  of 
white  matter,  enclosing  a  core  of  grey  substance — ^the 
nucleus  mammillaris. 

Conmdions  of  the  Mammillary  Nucleus 
Afferent  paths,  i,e.,  to  the  nucleus, 

L  Fibres  from  the  downward  arching  anterior  pillar 
of  the  fornix,  as  well  as  fibres  through  the  coramissura 
hjj^pothalamica  from  the  anterior  pillar  of  the  fornix  of 
the  opiK>site  side.  These  fibres  form  part  of  the  path 
connecting  the  cortical  olfactory  centres  in  the  uncus  and 
hippocampus  with  the  thalamus, 

2.  Fibres  to  the  mammillary  nucleus — as  the  thalamo- 
mammillary  tract  in  the  mammillo-thalamic  strand. 

3.  Possibly  fibres  from  the  posterior  longitudinal  fas- 
1!  ^ulus  by  way  of  the  hypothalamic  conunissure* 

Efferent  paths,  i.e,,  from  the  nucleus, 

1.  Fibres— the  raamra ill o- thalamic  tract  or  bundle  of 
Vicq  d^AzyT— which  course  upward  and  forward  to  end 
in  the  anterior  nucleus  of  the  thidamus,  thus  completing 
the  path  connecting  the  cortical  olfactory  centres  of  the 
uncus  antl  hippocampiis  with  the  thalamus.  Beginning 
in  the  hippocampus  major  this  path  follows  the  fimbria, 
body,  and  anterior  pillar  of  the  fornix  to  the  mammillary 
nucleus,  and  thenen,  after  interniption,  proceeds  via  the 
mammillo-thalamic  strand  to  the  anterior  nucleus  of  the 
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thalamus.  This  latter  strand  contains  fibres  running  in 
both  directions  J  between  the  thalamus  and  the  mammil- 
lary  body. 

2.  Fibres  of  the  mammillo-tegmental  tract  which  arch 
backward  and  do^nnward,  and  are  traceable  into  the  teg- 
mentum of  the  mid-bniin  to  the  vicinity  of  the  inferior 
colliculli. 

3.  Fibres  of  the  pedunculus  corporis  mammillaris. 
These  constitute  another  mammiUo-tegmental  tract. 
They  spring  from  the  lateral  manimiliary  nucleus,  and 
course  backward  and  downward  along  the  medial  margin 
of  the  crusta  to  enter  the  tegmentum.  Their  destination 
is  not  known.  KoUiker  believes  they  end  in  the  central 
grey  matter  about  the  aqueduct  ol  Sylvius,  near  the 
fourth  nerve  nucleus, 

4.  Strands  from  the  peripheral  layer  of  the  mammil- 
lary  body  over  the  tuber  cinereum  (t.  Lenhossek  **) . 

5.  Posaibly  fibres  to  the  posterior  longitudinal  fascicu- 
lus by  way  of  the  hypothalamic  commissure. 

The  telencephalon  or  end-brain  consista  of:  (1)  the 
hemisphferium,  which  includes  the  pallium,  rhinencepha- 
lon,  and  corpus  striatum ;  and  (2)  the  para  optica  hypo- 
thalami, which  includes  the  lamina  cinerea,  optic  com- 
missure, tuber  cinereum,  and  pituitar}^  body. 

The  lamina  cinerea  consists  of  a  thin  layer  of  grey 
substance  extending  backward  above  the  optic  commis- 
sure, from  the  termination  of  the  corpus  callosum  to  the 
tuber  cinereum.  On  either  side  it  is  continuous  with  the 
grey  matter  of  the  anterior  perforated  space^  and  forms 
the  ant^erior  part  of  the  inferior  boundary  of  the  third 
ventricle.  It  connects  the  corpus  callosum,  and  is  some- 
times called  the  grey  root  of  the  optic  nerves  (Sappe^). 
The  functions  of  the  lamina  cinerea,  if  other  than  me- 
chanical, are  imknown. 

The  optic  chiasm  lies  in  the  optic  groove  of  the 
sphenoid  bone  in  front  of  the  tuber  cinereum,  and  beneath 
the  lamina  cinerea  with  the  anterior  perforated  space  on 
either  side. 

The  paths  of  optic  chiasm  are: 

1.  The  visual  fibres  proper  which,  in  animals  below 
the  mbbit,  e.g.,  guinea-pig,  fishes,  reptiles  and  most 
birds,   undergo   complete  decussation.     In  man  and  the 
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higher  animals  only  the  fibres  from  the  inner  portion  of 
pnv.h  retina  cross  in  the  chiasm  to  enU>rtho  opposite  optic 
tract.  The  fibres  from  the  outer  side  of  the  retina  do  not 
deciissat^^,  l:>ut  imm  into  the  optic  tract  of  the  same  side* 

2-  Fibrt's  that  paaa  fnjm  one  optic  tract  to  the  other 
ahmg  tlio  jmsterior  border  of  tlie  chiasm  (Giidden*fl 
inferior  commissure).  These  fibres — the  median  nxit  of 
the  optic  tract — connect  the  two  intprnal  gr^niculate  bmlies, 
and  possibly  also  the  inferior  collicull.  They  seem  rehited 
more  to  the  auditory  than  to  the  visual  system,  but  it  is 
possible  that  they  are  protective  reflex  paths. 

S.  Fibres  that  pass  from  the  chiasm  into  the  floor  of 
the  third  ventricle,  possibly  to  reach  tlie  third  nucleus. 
These  are  the  afferent  patlis  ftjr  pupil  constriction  (v. 
Bechterew  ^'^) ,  but  this  view  seems  to  lack  the  supjxirt  of 
evidence  fnim  the  histological  structure  of  tlie  retlnii. 

4.  Fibres  along  the  anterior  margin  of  the  chiasm 
connecting  one  retina  or  optic  nerv^e  with  the  other  (com- 
missura  arcuata  antfirior  of  Hannover;  bogen-commissure 
of  Stilling).  Lesions  of  one  retina  cause  degeneration  in 
the  opposite*  optic  nerve,  due  to  the  presence  of  collaterals 
of  the  optic  nerve  which  course  backward  from  the 
c Ji  i  asm  (  Pai'sons  ^) . 

The  paths  in  the  optic  tract  are: 

1.  Fibres  in  the  lateral  root  constituting  the  greater 
part,  80%  in  man,  of  the  optic  tract,  which  end  in  the 
external  geniculate  body,  the  paths  being  continued  to 
trhe  occipital  cortex  by  new  neurones  passing  in  the  tha- 
lamo-(x;cipital  radiation  in  company  with  fibres  from  the 
pulvinar  and  the  superior  colliciili  (optic  radiation  of 
Gratiolet) . 

2.  Fibres  to  the  thalamus  (pulvinar)  and  superior 
colliculi,  the  paths  being  continued  to  the  occipital  cortex 
by  fibres  that  pass  in  the  thaliimo-occipital  radiation. 
Some  of  the  fibres  from  the  pulvinar  and  external  genicu- 
late body  pass  as  main  stems  or  give  off  collaterals  on 
their  way  to  the  occipital  cortex.  Of  tliese  main  st-ems  or 
collaterals  some  go  to  the  corpus  striatum,  whilst  others 
descend  to  the  tegmentum  to  reach  the  cerel^elliim  prob- 
ably and  the  centres  and  mot(jr  nuclei  of  the  muscles  of 
the   eyes,  head   and   neck.     Tiiese  are   the   fibres  luost 
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probably  that  mediate  the  physiological  nystagmus, 
whicli,  by  means  of  retinal  impressions,  facilitates  the 
visual  fixation  of  rapidly  passing  objects.  It  is  exceed- 
ingly prtjbaljle  that  these  optic  pathways  are  closely 
related  fimctionally  to  the  labyrinthinB  paths,  and  tliat  in 
many  instimces  they  impinge  with  the  latter  on  the  same 
final  common  path.  In  the  lower  animals  the  optic  lohes, 
which  are  the  analogues  of  the  corpora  quad ri gen xina  in 
the  higlier  animals,  are  tbe  main  visual  organs.  Almost 
all  the  optic  nerve  fibres  end  in  the  mesencephalic  nuclei 
(aniiloguea  of  the  superior  colliculi)  and  in  the  dien- 
cephalic nuclei  (external  geniculate  Vjodies).  Tliis  latt^er 
19  the  first  evidence  of  real  visiial  representation  in  the 
occipital  cortex  (Parsons'*^*).  The  optic  nerve,  in  addition 
to  the  paths  already  mentioned,  has  fibres  which  spring 
from  cells  situated  in  the  priniiiry  optic  centres,  viz.,  the 
external  geniculate  bodies,  the  pulvimu-,  and  the  superior 
colliculi.  Though  the  function  of  these  fibres  is  unkmnvn, 
they  are  not  necessarily  centrifugal  paths  as  Parsons  eug- 
geets,  but  may,  in  partn,  represent  afferent  paths,  the  cell 
bodies  of  whose  neurones  lie  in  structures  central  to  the 
uptic  tmcts. 

It  may  be  observed  that  in  fishes  the  vestihular  nerve 
is  in  close  relation  with  the  mesencephalic  centres 
(Lopb**),  This  shows  that  the  mesencephalon  in  the 
lower  animals  at  least  probably  contains  important  ctKir- 
dinating  centres  for  movements  of  station  and  equilibriimi. 

The  tul3<^r  cinereum  is  an  outpouching,  at  the  base  of 
the  brain,  of  a  thin  sheet  of  grey  matter^  an  extension  of 
that  surrounding  the  cavity  of  the  mid-l)rain  and  fourth 
ventricle.  It  contains  the  nucleus  tuberis  and  the  supra- 
optic nucleus.  The  connections  of  these  nuclei  are  mi- 
known. 

The  rhinencephalon — ^the  oldest  part'  of  the  hemisphere 
— includes  (1)  the  olfactory  lobe,  consisting  of  the  olfac- 
tory bulb,  tbe  olfact^jry  tract  tmd  roots,  the  olfactoiy 
trigone,  and  the  parol fact<iry  area;  (2)  the  uncus  and  a 
nuiol^er  of  accessory  i>art«.  The  fornix  is  the  chief  fibre 
tnict  connecting  the  olfactory  cortex  in  the  uncus  and 
hippoca-uipus  with  the  tlialamus.  The  olfactory  cort<^x  is, 
tlierefore^  not  represented  in  the  corona  radiata,  but  has 
its  own  special  projection  fibres  inthecortico-mammillary 
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tract  within  the  fornix.  In  the  brain  the  sensory  paths 
are  the  first  to  acquire  the  myelin  sheath,  beginning  with 
those  of  smell  and  ending  with  tlioae  carrying  auditoiy 
inapulees  to  the  cortex.  By  observing  the  first  appearance 
of  the  myelin  sheath  in  various  paths,  the  olfactory  fibres 
have  been  traced  to  the  uncinate  gyms,  whilst  the  auditory 
and  visual  fibres  have  been  traced  to  the  temporal  and 
occipital  lobes  respectively*  New  patha  have  similarly 
been  traced  from  the  areas  in  the  cortex  in  which  these 
aensory  fibres  terminate  down  to  the  medulla  and  motor 
nuclei  of  the  cord. 

Connections  of  the  Rhinsncephahn 
Afferent  paths,  i.e.,  oanying impnlsefi  from  the  periphery. 

1.  To  the  thalamus  by  a  strand  from  the  cortex  of  the 
olfactory  bulb  to  the  ante ro- ventral  part  of  the  thalamus. 

2,  To  the  cortex  (a)  by  the  inner  olfactory  root, 
which  joins  the  mesial  aspect  of  the  anterior  extremity  of 
the  gyrus  fomicatus ;  (b)  by  the  outer  root  to  tlie  gynia 
hippocampus. 

8.  Possibly  by  paths  from  the  posterior  longitudinal 
fasciculus,  by  way  of  the  hypothalamic  commissure  to 
the  mammillaTy  body. 

4,  Possibly  by  the  thalamo-mammillary  jjathway. 

Efferent  paths. 

1.  From  tlie  cortex  by  the  corfcico-mammillaiy  tract 
from  the  uncus  and  hippocampus  through  the  fimbria, 
body,  and  anterior  pillar  of  the  fornix  to  the  mammillary 
nuclei,  each  raararaillary  body  receiving  fibres  from  the 
cortex  of  both  sides,  owing  to  a  decussation  in  the  com* 
miesura  hypothalamica  of  some  fibres  from  the  anterior 
pillars  of  the  fornix.  From  the  mammillary  nuclei  the 
paths  are  continued  by  fibres  (A)  to  the  tlialiunus  by  the 
inamniillo- thalamic  strand  or  bundle  of  Vicq  d'Azyr; 
and  (B)  to  the  tegmentum  of  the  mid-brain,  and  possibly 
to  lower  levels,  as  the  raammillo-tegmental  tmcts,  of 
which  there  are:  (a)  The  manunillo-tegniental  tract 
proper,  the  fibres  of  which  have  been  traced  to  the  teg- 
mentum of  the  mid-brain  in  the  vicinity  of  the  inferior 
Qolliculi.       (b)    Possibly    a   mammillo- tegmental  tract 
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through  the  pedunculiLB  corporis  mamnaillarls.  (c)  Pos- 
sibly fibres  to  the  posterior  longitudinal  fasciculus 
from  the  mammillaTy  body  via  the  hypothalamic  commis- 
Bttre.  Such  a  connection  with  the  posterior  longitudinal 
fasciculua  would  be  a  possible  raeans  of  bringing  the 
olfactory  centres  into  relation  with  other  centres  in  the 
mid-brain,  pone,  and  medulla,  (d^  Possibly  strands 
connecting  the  mammillary  body  with  the  tul)er  cine- 
reum. 

2.  From  the  thalamus,  (a)  Thethalamo-mammillary 
tract  may  be  an  efferent  path  from  the  thalamus,  along 
which  impulses,  received  directly  from  tlie  cortex  of  the 
olfactory  bulb,  may  pass  after  interruption  in  the  thala- 
mus. From  the  mammillary  body  the  path  is  continued 
by  way  of  the  manunillo- tegmental  paths,  or  perhaps 
through  the  posterior  longitudinal  fascicuhis  to  other 
centres  in  the  raid*brain,  pons,  and  medulla,  which  are 
thus  brought  into  relation  with  the  olfactory  centres. 
(b)  Possibly  by  fibres  from  the  thalamus  toother  portions 
of  the  cerebral  cortex,  and  perhaps  to  lower  centres  in  the 
brain-stem  and  cord. 

The  corpus  striatum  is  a  mass  of  grey  matter  supple-, 
mental  to  the  cortical  substance.  It  receives  fibres  con- 
veying sensory  impulses,  and  gives  off  fibres,  probably 
motor  in  function,  which  arise  from  its  cells. 

Connections  of  ike  Corpus  Striatum 
Afferent  paths,  i.e.,  to  the  corpus  striatum. 

1 .  By  way  of  the  t^gmento- striate  fibres,  chiefiy  con- 
tinued from  the  mesial  fillet,  and  i>erhaps  from  the  red 
nucleus  and  the  thalamic  region  via  the  internal  capsule, 
to  end  around  the  cells  of  the  putaraen  and  head  of  the 
caudate  nucleus. 

2.  By  the  thalamo-striat^e  fibres,  which  pass  from  the 
thalamus  (a)  by  way  of  the  internal  capsule  t<j  the  caudate 
nucleus;  or  (b)  by  way  of  the  ansa  lenticularis  to  the 
putamen;  or  (c)  by  traversing  the  medullary  laminaD  to 
the  caudate  nucleus. 

8.  By  cortico-striate  fibres.  Dejerine  denies  the  exist- 
ence of  these  paths,  but  Edinger  says  some  bundles  of 
fibres  can  be  demonstrated. 


n 


SEMICIRCfULAR  CANALS 


ESeiBOt  paths,  i.e.,  from  the  oorpiis  etriatam. 

1.  By  the  gtriothalAinic  fibres,  conBLsting  of  (a^ 
from  the  caudate  nucleus  to  the  thalamus  direct-;  (bj 
those  which,  traversing  the  internal  capsule  and  medui^ 
laij  lamin£B  and  joining  fibres  from  the  putamen,  pass 
by  way  of  the  ansa  lenticularis  to  the  thalamus ;  (c)  thoeo, 
fiom  the  putamen,  which  reach  the  thalamus  partly  by; 
way  of  the  globus  pallidus  and  partly  by  the  ansa  lenti- 
cularis. 

2<  B^  the  strio-peduncular  fibres,  well  seen  in  the 
lower  animals  (Edinger) ,  as  the  continuation  of  the  basal 
tract  of  the  fore  brain.  The  fibres  pass  from  the  caudate, 
and  probably  from  the  lenticular  nucleus  into  the  subtha- 
l^nic  region  and  the  cerebral  peduncle,  joining  in  the 
latter  the  stratum  intermedium,  closely  related  to  the* 
substantia  nigra. 

The  medullary  substance  of  the  brain  consists  of  fibres 
with  their  supporting  neuroglia.  The  fibres  are  of  three 
kinds,  viz.  (1)  association  fibres  linking  the  different 
portions  of  the  same  hemisphere  together,  and  which, 
with  the  exception  of  those  situated  about  the  fissure  of 
Rolando,  are  not  medullated  at  birth;  (2)  commissural 
fibres;  and  (3)  projection  fibres. 

The  association  fibres  are  divided  into  the  short  and 
the  long.  The  short  association  fibres  stretch  from  one 
convolution  to  another,  some  loops — the  intracortica! 
association  fibres — being  buried  in  the  grey  matter,  while 
others — the  subcortical  association  fibres — lie  in  the  adja- 
cent white  matter.  There  are  also  fibrf^s  limited  to  c9n- 
volutions  of  the  same  lobe,  the  intralobar  association 
fibres.  The  long  or  interlobar  association  fibres  include 
(1)  the  tmcinate  fasciculus;  (2)  the  cingulum;  (3)  the 
superior  longitudinal  fasciculus;  (4)  the  inferior  longi- 
tudimd  fascicului^;  and  (5)  many  other  long  association, 
fibres  which  cannot  be  satisfactorily  demonstrated. 

The  uncinate  fasciculus  connects  the  orbital  surface  of 
the  frontal  lobe  with  the  anterior  portion  of  the  temjK)ral. 
The  inferior  longitudinal  fasciculus  transmits  visual  im- 
pulsf*s  to  other  jwirts  of  the  cortex  (Dejerine). 

The  anterior  commissure  contains : 

1.  Fibres  connecfcing  the  end  of  one  temporal  lobe 
with  the  end  of  its  fellow  of  the  opposite  side. 


2.  Fibres  from  one  olfactory  lobe  to  the  other. 

3.  Fibres  from  the  olfactory  lobe  on  one  side  to  the 
hippocampal  convolutions  of  the  opposite  sido. 

4.  Fibres  from  the  olfactoiy  lobe  through  the  commis- 
sure to  reach  the  t^nia  semicircularis,  and  to  proceed 
with  it  along  the  roof  of  the  inferior  horn  of  the  lateral 
ventricle  to  end  in  the  amygdaloid  nucleus. 

The  hippocampal  commissure  joins  the  two  hippo- 
campi. These  fibres  cross  in  the  psiilterium,  and  some, 
after  decussation,  join  the  longitudinal  fibi-es  of  the  for- 
nix and  proceed  to  the  thalamus  via  the  maramillary 
body  and  mammillo-thalamic  strand. 

The  corpus  callosum — the  largest  commissiural  tract  in 
the  brain— joins  the  two  hemisplieres.  Little  is  known 
definitely  of  the  individual  fibre  paths  or  of  tlie  parts 
associated  tJirough  them. 

The  projection  fibres  are  few  in  the  frontal,  parietal, 
and  late*ro-inferior  part  of  the  temporal  regions.  The 
function  of  these  areas  is  not  well  understood.  Flechsig 
believes  them  to  be  association  centres.  The  olfactory 
cortex,  as  befure  state^d,  is  not  represented  in  the  corona 
radiata,  having  its  own  projection  fibres  in  the  cortico- 
mamraillary  tract  within  the  fornix. 

The  projection  tracts  are  divided  into  (1)  the  short j 
and  (2)  the  long. 

The  short  projection  tracts  include: 

1.  The  cortico-thalamic,  consisting  of  (a)  fibres  from 
the  frontal  lobe  to  the  ant^*rior  end  of  the  thalamus;  (b) 
fibres  from  the  region  of  the  fissure  of  Kolando,  and  the 
adjoining  part  of  the  parietal  lobe  to  the  lateral  and 
mesial  nuclei  of  the  thalamus;  (c)  fibres  from  the  occipi- 
to-temporal  region  to  the  medio-ventral  part  of  tlie  thala- 
mus; (d)  fibres  from  the  posterior  part  of  the  parietal 
lobe,  and  from  the  occipital  lobe  to  the  pulvinar. 

The  thalamo-cortical  tracts  are  associated  with  the 
foregoing.  They  leave  the  thalamus  as  its  stalks  or 
peduncles,  and  reach  tlie  various  areas  of  the  cortex. 
They  represent  continuations  of  the  sensoiy  paths  from 
the  cord,  brain-st^^m  and  cereljellum.  In  these  tracts  are 
represented  the  median  fillet,  the  spine- thalamic  tract, 
and  probably  part  of  Gowers^  tract  and  the  cerel>ello- 
Tubro-thalamic  tract     The  optic  radiation  represents  the 
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contmuation  of  the  visual  paths  of  the  optic  tract  after 
interraption  in  the  pulvinar,  lateral  geniculate  bodies 
and  superior  colliculi. 

2.  The  coitico-geniculate  and  cortico-quadrigeminal 
tracts*  These  are  accompanied  by  corticipetal  fibres  from 
the  superior  collicnli  and  lateral  geniculate  bodies. 

3.  The  auditory  radiation  which  contains  cortifagal  as 
well  as  corticipetal  fibres  running  between  the  inferior 
oolliculus  and  median  geniculate  body  and  the  auditory 
centres  in  the  middle  portion  of  the  superior  temporal 
convolutions,  and  probably  the  adjoining  part  of  the 
operculum.  The  path  pa^es  through  the  retro-lenticular 
portion  of  the  posterior  limb  of  the  internal  capsule  be- 
neath the  lenticular  nucleus. 

4.  The  cortico-rubral,  which  is  a  supplementary  motor 
tract.  The  origin  of  these  fibres  is  probably  in  the  cortex 
of  the  parietal  lobe. 

The  long  projection  tracts  include: 

1.  The  cortioo-pontine.  The  continuation  of  these 
paths  after  interruption  in  the  pontine  nucleus  completes 
the  link  between  tbe  cerebral  cortex  and  the  cerebellum. 
The  oortico-pontine  tracts  include  (a)  the  fronto-pontine 
fibres;  and  (b)  the  temporo-occipito-pontine  fibres. 
Through  these  tracts  fibres  from  the  cerebral  cortex  of 
either  side  wach  the  cerebellum  on  both  sides. 

2,  The  motor  tracts  which  include: 

(a)  The  cortico-bulbar  tracts.  The  fibres  for  the 
movements  of  the  eye  muscles  spring  from  the  posterior 
portion  of  the  middle  frontal  convolution  (Mills*),  ad- 
joining the  lower  part  of  the  precentral  gyrus,  in  whid 
are  the  centres  for  the  cortico-bulbar  tracts.  The  exa< 
locatioQ  of  the  strands  is  known  only  for  the  twelfth  nervB^ 
in  the  posterior  part  of  the  knee,  and  for  the  seventh, 
whicb  is  in  advance  of  the  t^velfth.  Within  the  cerebral 
peduncle,  the  cortico-bulliar  strand  occupies  the  lateral 
part  of  the  inner  third  of  the  cnista,  and  the  fibres  for  the 
third  and  fourth  nerves  soon  turn  dorsally  and  croes  the 
raph^  to  end,  for  the  most  part^  in  the  nuclei  of  the. 
opposite  side.  The  fibres  for  tlie  remaining  nuclei 
near  the  middle  line,  and  cross  as  they  approach  the 
levels  of  the  nuclei  for  which  they  are  defined. 

(b)  The  cortico-^pinal  trads  or  pyramids,  ocscupv 
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middle  third  of  the  cnieta,  with  the  sensory  paths  on 
their  outer  side.  They  decussate  for  the  most  part  at  the 
lower  boundaiy  of  the  medulla.  The  fibres  that  do  not 
decussate  here  are  continued  down  the  cord  as  the  direct 
pjrramidal  tracts,  but  they  also  cross  the  middle  line 
through  the  white  commissure  on  reaching  the  level  of 
their  destination,  although  there  is  evidence  tending  to 
show  that  part,  at  least,  of  these  fibres  do  not  cross  the 
middle  line.      (See  Pyrtimidal  tracts  in  the  cord.) 

The  rolandic  region  is  concerned  in  sensation  as  well 
ae  motion.  It  includes  the  precentral  and  postcentral 
convolutions  and  the  paracentral  lobe.  The  sensoiy  fibres 
from  the  periphery  to  this  area  cany  impulses  which 
excite  sensations  of  touch,  pain,  and  temperature,  as  well 
as  those  associated  with  impulses  from  the  muscles  and 
tendons,  and  possibly  those  associated  with  certain 
phases  of  acts  of  equilibration.  Excluding  the  sensori- 
motor and  the  various  sensory  areas,  about  two-thirds  of 
the  cerebral  cortex  has  no  known  connection  with  the 
peripheiy.  Flechsig  believes  these  regions  of  the  cortex 
to  be  association  centres.  The  motor  centres  are  mainly 
located  in  front  of  the  central  fissure.  Those  for  the  face 
and  tongue  are  in  the  lower  third  of  the  motor  zone.  In 
the  posterior  parts  of  the  second  frontal  convolution  and 
in  a  portion  of  the  third  frontal  convolution  are  the  cen- 
tres for  the  associated  lat-eral  movements  of  the  eyes,  and 
for  the  lateral  movements  of  the  head  (Beevor  and 
Horsley  **) .  The  centres  for  stereognostic  perception  and 
muscular  sense  are  in  the  superior  and  inferior  parietal 
convolutions. 

The  speech  centres  in  right-handed  people  are  in  the 
posterior  part  of  the  third  left  frontal  convolution,  in  the 
first  left  temporal  convt^lution,  and  perhaps  in  the  left 
angular  gyrus,  Broca  ^s  convolution — the  thi rd  left  frontal 
— IS  the  motor  siieech  centre.  Destruction  or  disability 
of  this  centre  causes  motor  aphasia,  i.e.,  inability  to 
transform  concepts  into  words,  though  the  patient  be  con- 
scious and  the  tongue  ciipable  of  being  moved*  A  minor 
part  in  speech  is  played  by  the  posterior  part  of  the  right 
third  frontal  convolution,  but  it  is  the  chief  motor  centre 
in  left-handed  people. 

In  the  first  left  temporal  convolution  is  the  auditoiy 
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centre  for  speech.  Lesion  of  this  area  produces  loss  of 
memoiy  of  word-sounds,  though  the  hearing  in  the 
onlinary  st^nse  may  he  sufficiently  good.  Thus  distinction 
is  made  brtwiH^n  h^win^  a.s  conceptualization  and  hearing^ 
in  the  ordinary  Bf  nse  of  becoming  conscious  of  eound  ini- 
presHions  originating  ah  exlerno.  A  similar  distinction 
bokk  for  vit^ual  acts,  and  as  we  shall  see  later,  there  is  a 
third  manner  in  which  individuals  '*8t*e"  and  probably 
also  hf^ar  and  smelly  and  which  forms  the  basis  for  pro- 
t<x;tive  n^dex  aets  thmiigh  the  medium  of  centres  and 
paths  placed  below,  and  sometimes  widely  separated  fr<:>m 
the  cerebral  cort^fjx.  The  centre  for  memory  of  printed 
wordg  is  prol>ably  in  the  left  angular  gyrus.  Lesions 
limited  to  tliia  region  are  rare.  They  render  a  person 
unable  to  uuderstjind  writing,  though  ordinary  vision  may 
be  ga:»d.  The  exiettmce  oJP  a  motor  writing  centre  is 
doubtful  (Oppenheim),  but  if  it  exists  it  is  probably 
located  in  the  posterior  port-ion  of  the  second  left  frontal 
convolution.  The  centre  for  smell  is  probably  somewhere 
near  the  anterif>r  portion  of  the  gyms  fnmicatuB.  There 
is  no  definite  knowledge  about  the  location  of  the  corticiil 
centre  for  taste.  The  auditxDiy  centre  is  in  the  upper 
temporal  convolution.  Each  centre  is  probably  ct>nnected 
with  both  cochlear  neixea.  The  frontal  lobes  will  stand 
much  destruction  on  one  side  without  giving  rise  to 
marked  physical  signs.  Tliis  hiis  been  frequently  noted 
in  Gxperimentjg,  and  is  a  matter  of  common  clinical  ex- 
perience in  tumours  of  the  fnmtal  region,  where  the  chief 
symptoms  may  he  merely  hy steroid  man ifesttit ions. 

The  cum'us  and  calcarine  fissure — ^the  white  line  of 
Gemiari — t<)gether  constitute  a  primary  and  lower  cortical 
or  visuo-sensory  centre.  The  lateral  aspect  of  the  occij.*!- 
tal  lobe  is  a  visuo-psychic  area^  containing  subareas  or 
centres  cfmcerned  in  higher  visual  processes.  Lesions  of 
the  lateral  rMxipiral  lobe,  especially  if  large  and  in  the 
left  hemisphi^re,  or  lesions  on  b»>th  sides,  cause  mind- 
blindness  analogous  to  word  deafness.  Lesions  of  the 
cuneo-calavrine  cortex  cause  lateral  homonymous  hemi- 
anopsia. This  may  also  be  produced  by  lesion  of  the 
lateral  part  of  the  occipital  lobe  if  it  ext^^nds  far  exaough 
inward  to  interrupt  the  optic  radiations  (Schafer  and 
BroT^Ti^^). 
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Pathways  in  tlie  Spinal  Cord 

In  a  cross  eection  of  the  cord  the  area  bounded  by  the 
posterior  median  sulcus  (dorsal  spptiim)  and  the  dorsal 
root  is  de^igiiat*^d  as  the  posterior  funiculus,  the  area 
bounded  by  the  dorsal  and  ventral  root«  is  called  the  lat- 
eral funiculus,  and  that  hounded  by  the  ventnd  root  and 
le  anterior  median  fissure  the  ant^^rior  funiculus. 

The  term  fasciculus  is  intended  to  cover  any  fairly 
defined  bundle  of  fibn_^8  connecting  one  centre  or  level  with 
another  centre  or  level,  without  interniption  of  the  path- 
way. A  fasciculus  consists  therefore  of  but  one  set 
l;of  neurones,  e.g.,  the  dorsal-spino-cerebcllar  fasciculus 
I  (direct  cerebellar  tract).  Tract  is  a  physiological  rather 
than  an  anatomical  term.  It  indicates  a  pathway  for  the 
'eonduction  of  impulses  without  regard  to  anatxiniical  in- 
terruptions. A  tract,  therefore,  may  consist  of  two  or 
more  seta  of  communicating  neurones,  forming  physio- 
logical continuity,  e.g.,  the  c^rebeUo-vestibulo-spinal 
rtract. 

The  term  column  is  now  reserved  by  many  authors  to 

'designate  the  projections  of  grey  matter  withm  the  Tvhite 

Burrounding   substance,    e.g.,    the  ventral   grey   column 

(ventral   cornu),    the    dorsal    grey   column    (the   dorsal 

comu) . 

I       The  ascending  tracts  of  the  cord  include: 
r       1.  The  dorsal  fasciculi  (columns  of  Goll  and  Burdach) . 

2.  The  dorsal  spino-cerebellar  fasciculus  (direct  cere- 
^bellar  tract,  or  tract  of  Flechsig) . 

8.  The  ventral    spino-cerebellar  fasciculus    (Gowers' 

*)•  , 

4.  The  Bpino-tectal  and  spino-thalamic  tracts. 

5.  Helweg's  fajsciculus  or  bundle. 
The  dorsiil  fasciculi  consist  mainly  of  the  ascending 

Lrms  of  the  central  processes  of  the  dorBO-spinal  or  poa- 
^rior  root  ganglia.  Cajal,  in  1889,  by  meana  of  the  Golgi 
lethod^  demonstrat4?d  the  bifurcation  of  the  posterior 
)t  fibres  on  entering  the  cord.  In  animals  after  section 
►f  the  dorsal  root  in  one  of  the  sacral  nerves,  it  waa  seen 
)y  means  of  the  Marchi  stain  that  a  great  part  of  the 
lorsal  fasciculi  (Burdach 's  column  chiefly)  consisted  of 
'le  descending  arms  of  the  T- hi  furcations  of  the  posterior 


root  fibres.  Theee  descending  arms  are  destined  for  lower 
segments  in  the  oord^  and  give  off  collaterala  at  various 
levels.  Some  of  them  constitute  long  patliways  for  spinal 
reflexes,  e.g.,  the  well-known  scratch  reflex  in  which  clonic 
movements  of  the  hind  leg  are  evoked  by  scratching  the 
region  behind  the  shoulder  of  the  normal  dog.  The  paths 
involved  in  this  reflex  have  been  demonstrated  by  Sher- 
rington and  Laslett**  by  the  method  of  successive  de- 
generation,  as  scattered  fibres  in  the  lateral  ground  bundles 
of  the  cord. 

The  ascending  arms  of  the  T-biforcation  of  the  pos- 
terior nerve  roots  send  fibres  or  processes  and  csollaterals 
to  the  different  a^menta  of  the  cord  at  various  levels. 
The  remaining  posterior  root  fibres  constitute  the  long 
ascending  patios  of  the  dorsal  fasciculi.  These  as  they 
ascend  are  gradually  displaced  toward  the  middle  line  and 
away  trom  ihe  grey  matter,  in  accordance  with  the  general 
law  of  the  eccentric  position  of  the  long  fibre  paths. 
Few,  if  any  collaterals  are  given  off  from  the  dorsal 
median  fasciculus  (GoU'scolunm).  The  zone  of  Lissauer 
consists  of  the  bifurcation  of  the  finer  fibres  of  the  pos- 
terior nerve  root. 

The  terminations  of  the  fibres  and  collaterals  of  the 
posterior  nerve-roots  are  as  follows : 

1.  Some,  including  part  of  the  fibres  from  Lissauer 's 
zone,  end  about  cells  in  the  substance  of  Rolando.  From 
this  point  the  pathway  is  continued  by  intermediate  neu- 
rones  to  the  lateral  ground  bundle  and  so  to  the  cells  of 
the  grey  matter  of  other  st^gments. 

2.  Some  pass  directly  through  the  substance  of  Rolando 
to  terminate  in  tract  ceUsj  the  axoues  from  which  pass  as 
the  spino- thalamic  tract  in  the  white  matter  of  the  same 
and  of  the  opposite  side.  The  fibres  that  cross  the  median 
line  pass  in  the  anterior  conmiissure. 

S.  Fibres  that  end  in  relation  with  the  ventral  horn 
cells  of  the  same  side  (reflex  paths) .  Some  reflex  paths 
are  relayed  to  the  ventral  horn  cells  of  the  opposite  side. 

4.  Fibres  that  end  in  the  tract  cells  of  the  dorsal 
nucleus  and  in  other  cells,  the  axones  of  which  form  the 
dorsal  spino-cerebellar  fasciculus  (direct  cerebellar  tract) 
and  the  ventral  spino-cerebellar  fasciculus  (Gowers' 
tract). 
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5.  Some  fibres  enter  the  posterior  aspect  of  the  dorsal 
comu,  and  bend  upward  to  end  in  the  substance  of 
Rolando, 

6.  Some  fibres  of  the  doraal  root  also  pass  in  the  pos- 
terior commissure  to  reach  the  cells  of  the  grey  matter  of 
the  opposite  side. 

The  collaterals  and  terminals  of  the  posterior  nerve 
root  may,  therefore,  terminate  in  any  part  of  the  grey 
matter.  The  collection  of  marginal  cells  (dorsal  nucleus) 
situated  near  the  mesial  surface,  close  to  the  base  of  tlie 
dorsal  comu,  extends  from  the  cervical  to  the  first  and 
second  lumbar  segmente,  and  is  known  as  the  column  of 
Clarke  (Clarke *s  vesicular  column,  or  the  nucleus  of 
Stilling),  From  these  cells  the  pathway  is  continued  by 
means  of  neurones  of  the  second  order  to  the  dorsal  spino- 
cerebellar fasciculus  (direct  cerebellar  tract)  of  the  same 
side,  and  so  to  the  vermis  of  the  cerebellum.  This  origin 
of  the  dorsal  spiuo-cerebellar  tract  has  recently  been  dis- 
puted, but  apparently  upon  insufficient  grounds.  It  must 
be  rememl>ered,  however,  tliat  the  Golgi  stain  picks  out 
only  a  few  elements,  and  it  is  impossible  to  know  what 
elements  are  omitted.  The  small  cells  in  the  substance 
of  Rolando  also  send  Eixones  into  the  lateral  ground 
bundle, 

The  cells  of  origin  of  the  ventral  spino-cerebellar  tract 
are  not  definitely  known.  It  is  known,  however,  that 
Bome  fibres  of  this  tract  cross  in  the  anterior  commissure, 
and  it  ie  probable  that  these  fibres  spring  from  cells  situ- 
ated in  the  dorsal  honi.  The  tract  does  not  degenerate 
after  section  of  the  dorsal  nerve  roots  (Mott) .  The  dorsal 
spino-cereloellar  faacicxilus  is,  therefore,  an  uncrossed 
pathway,  whilst  the  ventral  spino-cerel>ellar  tract  is  both 
crossed  and  uncrossed.  Mott  believes  this  fasciculus  con- 
sists of  two  afferent  bundles,  one  of  which  the  ventral 
cerebellar,  situated  at  the  periphery,  passes  to  the  cere- 
bellum in  the  superior  peduncle,  whilst  the  other— the 
croaaed  afferent  tract  of  Gowers  and  Edinger^ — passes  up 
on  the  outer  side  of  the  lemniscus  to  the  corpora-quadri- 
^emina  and  optic  thalamus  (Gordinier").  The  spino- 
tectal and  spino-thalamic  tracts  spring  from  cells  about 
the  base  of  the  dorsal  cornu,  and  pass  up  on  the  inner 
side  of  the  ventral  spino-cerebellar  laaciculus  to  the  teg- 


mentum  and  thalamus.  The  tmcts  continue  the  paths  of 
the  posterior  ner\'e  root  of  the  opposite  side  mainly. 

Thp  fa.^ciciilus  of  Helweg  is  9C^e^  only  in  the  upper 
cervicfil  cord.  Its  colls  of  origin  and  destination  are  un- 
known, although  it  has  been  assumed  that  the  path  is  in 
relation  with  the  inferior  olive. 

Tlie  dorsal  fasciciilij  viz.,  the  fasciculus  gracilis  and 
the  fasciculus  cuneatu8  (columns  of  GoU  and  Burdach) 
are  interrupted  in  the  posterior  nuclei  of  the  medulla,  the 
fasciculus  of  Goll  ending  in  the  nucleus  gnicilis  and  that 
of  Burdftch  in  the  nucleus  cuneatus.  The  fihrea  from  these 
nuclei  for  the  most  part  cross  the  middle  line  as  the 
arcuate  fibres  about  the  level  of  the  upper  border  of  the 
pyramidid  diK^usaation  in  the  lower  part  of  the  medulla 
oblongata-  This  sensory  decussation  marks  the  lowest 
limit  of  the  lillf^t,  the  fibres  of  which  continue  the  paths 
represented  in  the  dorsal  fasciculi.  (See  Connections  of 
the  fillet.) 

There  is  question  as  to  whetlier  some  of  the  com|3onent 
fibres  of  tlie  dorsal  fjisciculi  are  directly  continued  to  the 
cerebellum  and  mesial  fillet  without  interruption  in  the 
posterior  nuclei  of  the  medulla.  Kolliker,  Solder^  Hoche, 
and  others  maintain  the  affirmative. 

The  dorsal  hiaciculi  tire  mainly  pathways  for  impulses 
related  to  the  so-called  deep  sensation  (muscle  and  ten- 
don). There  are  also  in  the  median  fibres  of  the  dorsal 
fasciculi  6om^^  fibres  for  the  transmission  of  tactile  im- 
pulses, Bomo  authors  maintain  that  the  pathway  for 
tactile  sensation  is  uncrossed  and  interrupticd  in  the  grey 
matter.  It  is  most  probable,  however,  that  the  paths  for 
tactile  sensation  are  both  crossed  and  uncrossed,  and  that 
in  the  dorsal  fasciculi  they  travel  to  a  variable  extent, 
many  passing  all  tlie  way  up  to  the  medulla  to  join  the 
mesial  fillet  after  inteiTuption  in  the  posterior  nuclei  of 
the  medulla,  whilst  others,  after  travelling  a  variable  dis- 
tance, pass  into  the  grey  matter. 

The  dorsal  spino-cerebellar  and  the  ventral  spino-cere- 
bellar  paths  convey  those  afferent  unconscious  impressions 
that  imderlio  coordination  and  cerebellar  nniscle  tonus. 
The  dorsal  spino-cen^l^ellar  path  is  microssed,  whilst  tlie 
ventral  spino-cereMhir  path  is  both  crossed  and  uncrossed. 
Both  pathways  are  interrupted  in  the  cord. 
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The  spino-fcectal  and  apmo^fchalamic  pathways  convey 
impiilsos  concerned  in  the  sensation  of  pain  and  tempera^ 
tore  and  ta  some  extent  those  of  touch.  These  are  inter- 
rupted pathwa^^'s  and  are  mainly  crossed  in  ttie  cord. 
They  join  tlte  mesial  fillet  above  the  sensory  decussatioa 
in  the  medulla, 

Helweg's  fasciculus  probably  conveys,  through  the 
inferior  olive  to  the  cereliellum,  impulses  akin  to  those 
that  travel  by  way  of  the  dorsal  and  ventral  spino-cere- 
bellar  pathways.  Some  filires  of  the  ventral  spino-ce- 
rebelhix  fasciculus  probably  reach  tlie  thalamus,  and 
perhaps  may  be  considenjd  as  stray  fibres  from  other  path- 
ways, e.g.,  spino-tectalj  spino-thalamic.  (See  Connections 
of  superior  and  middle  peduncles  of  the  cerebellum.) 
Gowers  believed  that  part  of  the  ventral  Bpino-cerelx^ltar 
fasciculus  convej's  impidses  related  to  pain  and  tempera- 
ture. The  cerebellar  fibres  of  this  tract  pass  by  way  of 
the  inferior  and  superior  peduncles,  some  fibres  passing 
also,  according  to  Hoche,  by  way  of  the  superior  medul- 
lary velum.  The  fasciculus  has  been  traced  as  low  as  the 
fifth  lundmr  segment  (Mott>  '"*  Russell  ^^'),  while  above, 
the  tnict  was  traced  by  Rossolirno^^'^  to  the  inferior  collic- 
uli,  substantia  nigra  and  the  glulnis  pallidus.  The  term 
Gowers'  tract,  as  originally  applied,  included  the  spino- 
thalamic and  epino-cerebellartract.8.  At  the  present  time 
it  is  restricted  to  the  ventral  spino-cerebellar  fasciculuB 
profxir. 

Peripheral  Terminations  of  the  Afferent  Paths 

The  afferent  or  sensory  paths  commence  at  the  periph- 
ery. The  lxKii«_'3  of  the  afturent  peripheral  neurones  are 
separated  from  the  neural  tube,  and  are  located  in  the 
posterior  spinal  ganglia  or  their  analogues  in  the  cranial 
nerv^es.  The  first,  second,  and  eighth  cranial  nerves  have 
a  peripheral  apparatus  of  peculiar  structure. 

In  the  olfactory  nerve  the  primary  afferent  neurone  re- 
mains in  the  peripheral  ejiithelium.  In  the  eighth  nerve 
the  path  originates  in  th«3  n(^uro-epit helium,  but  the  cell 
body  remains  permanently  bipolar.  The  optic  nerve  is  in 
re3.1ity  not  a  nerve,  being  developed  from  an  invagination 
ol  the  brain  wall. 
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The  peripheral  endingg  of  the  sensory  neurones  are : 
1.  Free  endings,  in  whieli  the  nerve  fibres  lose  their 
modullii  and  end  between  (not  within)  the  epithelial 
cells  of  the  ekin  and  mucouB  membrane,  and  also  between 
the  connective-tissue  stratii.  The  finer  threads  often 
terminate  in  end  knobs.  These  endinga  are  believed  to 
be  the  receptive  organs  for  painful  Btimuli. 
I  2.  Fibres  from  the  spinal  ganglia,  ending  in  the  sali- 
vary glands.  These  fibres  probably  constitute  part  of  the 
afferent  paths  for  tlie  reflex  increase  of  salivary  secretion. 
i  8.  Fibres  from  the  Gasserian  ganglion,  ending  in  the 
teeth  pulp. 

■  4.  Modified  forms  of  diffuse  termination,  e.g.,  the 
fibres  of  the  gloeso-phar^mgeal  ending  in  clust-ers  of  cells 
known  as  the  taste  buds  of  the  tongue.  Taste  buds  rep- 
resent endinga  of  the  neuro-epithelial  type,  having  special 
connections  with  the  nerves,  e.g.,  wrappings  of  the  nerve 
fibres  alxiiit  the  taste-bud  epithelia.  It  is  believed  that 
these  accessory  structures  and  the  peculiar  disposition  of 
the  nerve  fibres  in  relation  to  them  render  the  nerve  fibres 
accessible  to  certain  kinds  and  degrees  of  stimuli  only, 

5,  Touch  cells.  In  the  simplest  form  the  nerve  fibres 
form  a  cuplike  expansion  for  the  reception  of  one  end  of  a 
single  cell.  This  form  represents  the  beginning  of  the 
development  of  Meissner'a  corpuscles,  the  second  stage  of 
which  is  represented  by  the  nerve  fibres  forming  a  flat 
disc-like  expansion  containing  neuro-fibrils  between  two 
epithelial  cells.  These  endings  are  foimd  in  the  pap  ill  eb 
oi  tlie  skin  and  in  other  parts  of  the  body. 

6,  End  bulbs,  consisting  of  a  granular  core  of  cells 
surrounded  by  connective-tissue  lamellas,  the  nerve  fibre 
ending  in  a  snarl  of  fibrillse  twisted  about  the  core. 
These  endings  are  in  the  conjunctiva^  glans  penis,  serous 
membranes,  mesentery,  etc. 

7,  Corpuscles  of  Vater-Pacini.  These  bodies  consist 
of  a  capsule  composed  of  crescentic  lamellee  which  are 
covered  with  endothelial  plates.  Inside  the  capsule  is  the 
core  containing  cells  and  naked  axis  cylinders.  Thee6 
corpuscles  are  always  located  deeply,  e.g.,  in  the  deeper 
portions  of  the  connective-tissue  layer  of  the  skin  of  the 
palmar  and  plantar  aspect  of  the  fingers  and  toes,  in  the 
pancreae,  and  in  the  mesentery.     They  are  assumed  to  be 


organs  adapted  for  heavy  prossure  stimuli,  whilst  Meiss* 
ner's  corpascles  are  looked  upon  as  the  organs  for  lighter 
pressure  sensation. 

8.  In  tendons  the  Golgi-Mazzini  organs,  which  consi^ 
of  rich  arlDorizations  of  nerve  fibres,  forming  varicosities 
between  the  tendon  fibres,  the  whole  being  enclosed  in  a 
connective-tissue  capside.  These  organs  aid  in  the  per- 
ception of  the  i>osition  and  movement  of  the  limbs  in 
space. 

9.  Muscle  spindles  which  are  modified  muscle  fibres, 
receiving  a  special  ner\x^  ending.  These  are  widely  dis- 
tributed in  the  body  and  are  probably  present  in  aU 
skeletal  muscles.  They  are  especially  numerous  in  the 
small  muscles  of  the  hand  and  foot.  None  have  been 
found  in  the  intrinsic  muscles  of  the  tongue,  nor  in  the 
eye  muscles,  although  in  the  tendons  of  the  latter  Golgi- 
Mazzini  organs  have  been  demonstrated.  Each  spindle 
consists  of  a  capsule  composed  of  half  a  dozen  concentric 
layers  of  fibrous- tissue,  enclosing  a  group  of  from  three  to 
ten  or  more  muscle  fibres  with  medullated  nerves,  blood- 
vessels, and  interspersed  connective  tissue.  The  muscle 
fibres  of  the  spindle  are  embryonic  in  structure,  having 
more  nuclei  tlian  the  ordinary  muscle  fibres,  and  contain- 
ing  some  undifferentiated  sarcoplasm.  Sherrington  has 
shown  that  these  structures  are  afferent  in  function,  since 
they  do  not  degenerate  after  section  of  the  motor  nerves. 

10.  It  is  still  a  question  as  to  whether  sensory  im- 
pulses from  the  periphery  pass  into  the  cord  by  way  of 
afferent  sympathetic  fibres  that  enter  the  posterior  Bjiinal 
ganglia. 

The  descending  paths  in  the  cord  include : 

1.  The  pyramidal  tracts  consisting  of  (a)  the  crossed 
or  lateral  cerebro-spinal  fasciculus;  (b)  the  uncrossed  or 
mesial  cerebro-spimil  fasciculus. 

2.  The  tecto-spinal  tract. 
8.  The  rubro-spinal  tract.  - 

4«  The  tract  from  the  int^^retitial  nucleus  of  Cajal, 

5.  The  tract  from  De iters'  nucleus. 

6.  The  tract  of  Thomas. 

7.  The  septo-marginal  tract. 

8.  The  comma  tract  of  Schultze, 

The  fibres  of  the  pyramidal  tracts  end  about  the  ceUa 
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of  the  ventral  horn  (ventral  grey  column).  Some  o 
eerverSj  however,  believe  they  terminate  aJx>iit  the  cells 
tlio  intemiediate  grey  nmtt-i^r,  the  in) pulses  l>eing  relayi 
by  ehoit  ni^urunes  to  the  ventrul  horn  ct^llpi.  It  is  ofbe 
fitatad  that  all  the  fibres  of  tlie  direct  pynimidal  trai 
CTi}88  the  mwlian  1  hie  at  t!i fir  levels  of  deHtination,  bi 
tills  point  cannot  be  considered  as  proven,  since  loBion  i 
the  direct  pyramidal  tract  cauaea  some  impainnent  ' 
function  in  the  mutacles  on  the  sid<_t  of  the  lesiun.  Mor 
over,  even  in  the  crossed  pyramidal  tracts,  there  are  son 
homo-lateral,  i.e.,  iinrroesed  fibres. 

The  fibres  of  tlie  tecto-spinal  tract  spring  from  tl 
roof  of  the  mid-fomin.  Aft^r  d'K-ussation  the  fibms  pal 
downward  into  the  cord,  where  they  lie  according  Ui  sou] 
observers  near  the  ventml  aolcud,  whiLst  according  to  othi 
observers^  they  are  scattered  through  the  antero-late 
ground  bundle.  The  fibres  arelielieved  to  end  in  relatid 
with  the  ventral  horn  cells.  The  presence  of  any  tectc 
spinal  fibres  in  the  cord  has  been  disputod. 

The  fibres  of  the  rubro-spinal  tract  (von  !Monakow' 
tract)  spring  partly  from  cells  in  tlie  red  nucleus  locate 
in  the  tegmentum  of  the  mid-brain,  and  partly  fromoth 
cells  in  the  formatio  reticularis  in  the  region  of  tJie  pon 
The  path  is  mainly  crossed.     In  the  cord  tlie  tract  li 
ventral   to  the  lateral  pyramidal  tract,  its  fibres  part^ 
mingling   with   thoge   of   the  latter.     The    fibres  of  tJ: 
rubro-spinal  tract  end  in  the  dorsal  pait  of  the  vent 
horn.     This  tract  is  part  of  an  important  cerebellar  effe 
ent  path,  composed  of  three  sets  of  neurones,  viz. :  ( 
from  the  cerebellar  cortex  to  the  nucleus  dentatiis;  (I 
from  tlie  nucleus  dentatus  to  the  red  nucleus;  (3)  froi 
the  red  nucleus  (rubro-spinal  tract  proper)  to  the  ventral 
root  cells.     As   previously   stated,    ow'ing  to   a   doubj 
decussation,  viz.,  in  the   superior  peduncles  and  in  tli 
rubral  neurones  of  the  nibro-fipinal  tract,  efferent  ceH 
beBar  impulses,  transmitted  via  the  cerebello-rubro-epini 
tract,  are  mainly  distributed  to  the  ventral  root  cells  of  th 
homo-lateml  side. 

The  tract  fn^m  the  intt^rstitial  nucleus  of  Cajal  is  ui 
crossed   and   lies   near    the    ventml   sulcus,      Its   fibre 
terminate  in  the  ventral  horn,  some  having  been  traced 
into  the   lumbar  region   of   the  cord.     The  interstit 
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micleus  of  Cajal  is  located  in  the  formatio  reticularis  of 
the  tegmentum  of  the  mid-brain  anterior  (cephalad)  to 
the  III  nucleus.  TJie  fibres  of  this  tract,  however,  are 
believed  by  some  to  originate  in  the  nucleua  of  Darksche- 
witfich,  and  by  others  in  the  nucleua  of  the  post^^rior 
longitudinal  fasciculus,  and  by  still  others  in  the  nucleua 
of  the  posterior  commissure.  It  is  a  question  whether 
any  of  these  nuclei  is  identical  witJi  the  interstitial 
nucleus  of  Cajal. 

The  tract  from  Deitera*  nucleus  occupies  the  ventral 
and  mesial  periphery  of  the  cord.  The  more  lateral  fibres 
are  uncrosstnl,  whilst  those  near  the  ventnil  sulcus  spring 
from  the  nuclei  on  both  sides.  It  is  probable  that  with 
the  fibres  of  this  tract  other  fibres  descend  from  other 
portions  of  the  vestibular  nucleus,  and  from  other  nuclei 
in  the  formatio  reticularis  grisea  of  the  medulla  (reticulo- 
spinal fil»res).  The  fibres  ail  terminate  in  the  ventral 
horn  cells. 

As  previously  stated,  De iters*  nucleus  is  an  importajit 
relay  station  for  afferent  labyrintliine  impulses  to  the 
cerebellum.  It  is  possible  that  Deitera'  nucleus  may 
serve  as  an  immediate  coordinating  centre  for  labyrinthine 
impulses;  but  for  reasons  often  reiterated  in  the  preceding 
pages  this  is  highly  improbable  in  man  and  the  higher 
animals,  in  whom  the  chief  c^xirdinating  centres  for  laby- 
rinthine impulses  are  located  in  the  cerebellum  and  pos- 
sibly in  the  mid-brain.  On  the  other  hand,  Deiters' 
nucleus  receives  fibres  from  the  cerebellum  and  relays  the 
paths  down  the  cord.  Again  some  fibres  from  Deiters' 
nucleus,  probably  the  continuation  of  vestibular  paths, 
pass  to  the  homo-lateral  inferior  olive,  and  directly,  or 
after  interruption,  pass  to  the  contra-lateral  olive  which 
sends  numerous  fihres  to  the  cerebellum  vm  the  inferior 
peduncle  (restiform  body).  The  inferior  olive  and 
Deiters'  nucleus  are  thus  in  intimate  relation  with  the 
cerebellum  by  means  of  afferent  and  efferent  paths.  The 
afferent  vestibular  jiaths  from  Deiters'  nucleus  to  the 
nucleus  fastigii  are  mainly  crossed.  The  efferent  cere- 
bt'Uar  paths  from  the  nucleus  fastigii  to  Deiters'  nucleus 
are  also  mainly  crossed,  but,  as  many  of  the  fibres  of  the 
vestibulo-spinal  tract  near  the  ventral  sulcus  are  crossed, 
provision  ia  thereby  made  for  bringing  each  half  of  the 
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oerebelhira  into  functional  relationship  with  the  homo- 
lateral half  of  the  body  hy  meana  of  a  double  decusgation, 
&B  in  the  case  of  the  cerebello-nibro-splnal  paths. 

For  reasons  previously  stated,  it  is  perhaps  better  to 
call  the  vestibulo-spinal  tTact  the  cerebello-vestibulo- 
Bpinal  tract  and  the  vestibulo-olivaiy  tract  the  veetibulo- 
olivo-cerebellar  tract.  (See  Vestibular  connections.)  All 
the  fibres  of  the  tract  from  Deiters'  nucleus,  taken  collec- 
tively, are  Boraetinies  called  the  antero-lateral  descending 
tract  or  the  marginal  bundle  of  Lowenthal. 

The  tract  from  the  interstitial  nucleus  of  Cajal  and  the 
mesial  portion  of  the  tract  from  Deiters'  nucleus  consti- 
tute the  major  portion  of  the  descending  fibres  of  the 
median  longitudinal  fasciculus  an  important  bundle  in 
the  segmental  brain.  Some  observers  hold  that  some 
fibres  from  the  cerebellum  pass  down  the  cord  without 
interruption  in  Deiters*  nucleus. 

The  fibres  of  the  tract  of  Thomas  originate  in  the 
fonnatio  reticularis  of  the  medulla,  and  pass  downward  in 
the  lateral  column,  to  end  in  the  grey  matter  of  the 
cervical  cord. 

The  septo-marginal  tract  is  a  email  bundle  of  fibres 
lying  next  to  the  posterior  septum.  In  the  sacral  cord  it 
forms  a  small  dorso-medial  triangle,  whilst  in  the  lumbar 
region  it  forms  a  superficial  bundle,  and  the  oval  bundle 
of  Flechsig  at  the  middle  of  the  posterior  septum.  In 
the  thoracic  and  cervical  regions  the  fibres  are  scattered. 
The  fibres  of  this  tract  are  probably  the  descending  axonea 
of  cells  in  the  cord,  forming  shorty  intersegmental  (spino- 
spinal) tracta. 

The  **  comma' ^  tract  of  Schultze  consists  of  a  small 
bundle  of  descending  fibres,  lying  about  the  middle  of 
the  posterior  column.  It  is  a  well-marked  feature  of  the 
dorsal  cord.  The  fibres  probably  spring  from  the  column 
cells  of  the  grey  matter  of  the  cord,  forming  short  inter- 
segmental (spino-spinal)  tracts,  although  they  are  believed 
by  some  to  be  descending  branches  of  the  dorsal  root 
fibres. 

Many  descending  tracts  contain  also  ascending  paths. 

The  peripheral  terminations  of  the  efferent  paths  are: 

1.  The  motor  end  plates  of  striated  muscle.  These 
consist  of  flattened  expansions  of  tmdifferentiated  earco- 
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plasm*  Here  the  nerve  fibres  ramify  in  close  relation 
with  the  muscle  libre.  It  is  a  question  whether  the  nerve 
terminals  are  loaxted  outside  or  inside  the  sarcolemma. 
Section  of  the  motor  nerv^e  fihre  is  followed  by  atrophy  of 
the  muscle. 

2.  Axonos  which  form  the  preganglionic  fibres  of  the 
Bympathetic  nervous  system.  These  axonea  always  end 
in  a  gympathptic  ganj^lion.  From  this  point  the.  path- 
ways are  cuntinuetl  by  tlie  axones  of  s}Tn pathetic  neurones 
(post-ganglionic  iibres  of  Langley) ,  to  end  in  the  muscle 
of  the  intestines,  blood-veBSf^ls,  heart,  etc.,  or  in  the 
glands,  et€. ,  of  the  skin.  In  glands  the  fibres  end  about 
the  lumen.  Some  endinga  occur  in  the  fcJlicular  cells  of 
the  ovary  but  none  reach  the  ovum  itself.  In  tlie  kidney 
the  endings  are  mainly  in  the  walls  of  the  blood-vessels. 
There  are  peripheral  ganglia  in  the  plexuses  of  Auerbach 
and  Meissner,  situated  between  the  coats  of  the  gastro- 
intestinal tract,  mainly  in  the  small  intestine.  These 
ganglia,  which  are  not  of  tlie  sympathetic  type  (Lang- 
ley^),  conttiin  mtdti polar  colls  the  dendrites  of  ivhich 
lie  in  tlie  connective-tissue  layers.  There  are  also,  in  the 
stroma  of  the  nuicous  membrane,  cells  fnmi  which  fibres 
pass  bt^tween  the  epitlielii^d  cella.  The  spinal  pregan- 
glionic fibres  become  pilo-motor,  vaso-mot£>r,  or  secretory 
fibres,  according  na  their  p:>st-gangl ionic  continuations 
end  in  the  erector  nuiscles  of  the  hairs,  in  the  muscles  of 
the  blood- vessels,  or  in  the  sweat-glands ^  etc.  It  is  prol> 
able  that  some  sympathetic  afferent  paths  reach  the  pos- 
terior spinal  ganglia.  In  the  heart  muscle  the  sympa- 
thetic fibres  ramify  and  often  end  in  expansions. 

The  central  nerv-^ous  system  may  be  divided  into  (1)  a 
segmental  part,  comi>rising  the  spinal  cord  and  the  biu$al 
part  of  the  hmin;  and  (2)  a  suprasegment^d  part.,  com- 
prising the  expanded  portions  of  the  dorsal  wall  of  tlie 
neural  tube,  viz.,  the  pallium,  corpom  quadrigemina 
and  cerelijcllum  (Bailey^''). 

TractiS  which  connect  one  region  of  the  cord  or  seg- 
mental brain  with  another  region  arti  knowTi  as  int^^rseg- 
mental  tracts,  whilst  tracts  that  pass  to  or  from  the  supra- 
segmental  parts  are  called  su|>rasegmental  tmete.  The 
intersegmental  tracts  are  mainly  located  in  the  antero- 
lateral ground  bimdle  close  to  the  grey  matter,  some  l>ein^ 
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found  also  in  the  ventral  portion  of  the  posterior  columns 
(oval  bundle,  etc.). 

The  existence  of  reflex  spino-spinal  paths  is  shown  hj 
the  familiar  extensor- thrust  reflex  described  by  Sherring- 
ton.*^ In  a  spinal  dog,  slightly  stroking  the  skin  bihinJ 
the  plantar  cushion  with  the  edge  of  a  piece  of  paper,  or 
pushing  the  finger-tip  between  the  plantaj  cushion  and  the 
toe-pads  causes  the  leg  on  that  side  to  extend  powerfully 
for  a  short  period.  The  pathway  for  this  reflex  is  vin  the 
posterior  root  fibres  direct  to  the  ventral  horn  cells  of  the 
i>ame  side.  The  stimtdation  piisses  to  neurones  which 
innervate  all  the  extensor  muscles  of  the  leg  and  there  is 
but  one  synapsis  betT\^een  the  afferent  fibres  and  the  body 
and  dendrites  of  the  efft^rent  neurones.  Reference  to  the 
Bchalt-zellen  of  v.  Monakow,  which  are  jirobubly  interposed 
between  the  afferent  and  efferent  neurones,  is  omitted  for 
the  sake  of  simplicity. 

The  extensor  thrust  reflex  is  probably  an  impc>rtant 
element  in  the  reflex  mechanism  of  locomotion.  In  cer- 
dn  cases  irritation  of  the  foot  causes  extensor  thrust  in 
le  'opposite  leg.  Here  an  intermediate  spino-spinal 
leurone  carries  the  stimulus  to  the  ventral  horn  cells  of 
le  opposite  side.  In  this  reflex,  therefore,  three  neu- 
>nes  are  involved,  viz.:  (1)  An  afferent  peripheral;  (2) 
heteromeric  spino-epinal  neurone;  and  (8)  an  efferent 
)ne 
Longer  spino-spinal  neurones  have  been  shown  to 
exist  by  means  of  the  scratch  reflex.  The  pathway  for 
his  reflex  is  a  long  and  uncrossed  one.  Tlie  fibres  of  the 
itermediatG  nem-ones  actually  involved,  lie  scattered  in 
the  laterfd  part  of  the  lateral  column,  i.e.,  in  the  lateral 
ground  bundle,  as  demonstrated  by  Sherrington  and 
iLaslett*^  in  the  following  manner:  The  cord  was  tran- 
sected Isetween  the  second  and  tJiird  thonieic  segments. 
Tiiis  caused  degeneration  of  all  fibres  entering  the  cord 
iTom  the  brain,  mid-brain,  bulb,  and  cen^ical  and  first 
id  second  thoracic  segments.  The  dog  was  kept  alive 
one  year,  which  allowed  time  for  complete  degenera- 
of  the  severed  tract  and  for  absorption  of  the 
products  of  degeneration.  The  cord  wtis  then  transected 
^gain  between  die  fourth  and  fifth  thomcic  segments  and 
"    te  secondary  degeneration  in  the  divided  tracts  studied 
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by  the  ordinary  methods,  e.g.,  Marchi,  etc.  By  means  of 
this  method  of  "successive  degeneration''  the  scratch 
reflex  chain  was  shown  to  consist  of  (1)  a  receptive  neu- 
rone from  the  skin  to  the  spinal  grey  matter  of  the  corre- 
sponding spinal  segment  for  the  shoulder;  (2)  a  long 
descending  proprio-apinal  neurone  from  the  grey  matter 
of  the  shoulder  segment  to  that  of  the  leg  segments  via 
the  lateral  part  of  the  lateral  column;  (3)  a  motor 
neuron©  to  a  flexor  muscle. 

This  chain  has  three  neurones,  enters  the  grey  matter 
twice,  and  has  two  synapses  exclusive  of  the  schalt-zellen. 
The  motor  neurone  is  the  final  common  path  the  rest  of 
the  arc  being  afferent  (Sherrington*^). 

The  efferent  paths  of  the  cord  convey  impulses  which 
may  be  grouped  as  follows : 

1.  Motor,  including  (a)  voluntary  and  reflex  motor, 
muscle  tonus,  etc. ;  (b)  vaso-motor;  (c)  viscero-motor; 
(d)  cardio-motor;  (e)  pilo-motor. 

2.  Secretoiy  to  the  various  glands — gastric,  salivary, 
pancreatic,  sweat,  etc. 

B.  Inhibitory  for  each  of  the  foregoing. 
The  impulses  conveyed  in  the  afferent  paths  of  the 
cord  may  be  groujied  as : 

1,  Sensory,  including  all  impulses  affecting  conscious 
perception  J  e.g.,  visual,  auditory,  olfactory,  gustatory 
pressure,  pain,  temperature,  hunger,  thirst,  etc. 

2.  RefleXj  including  those  impulses  which  evoke 
various  motor  and  secretory  reactions.  The  impulses 
which  originate  in  the  specialized  nervous  structures  of 
the  semicircular  canals  and  vestibule  of  the  internal  ear 
fall  within  this  group. 

8.  Inhibitory.  Little  is  known  definitely  of  the 
nature  of  the  impulses  of  this  group. 

It  has  not  been  demonstrated  that  afferent  impulses 
inhibit  conscious  sensations,  although  unconscious  re* 
flexes,  e.g.,  sneezing  may  in  some  cases  be  inhibited  by 
afferent  impulses  ^Howell  **) . 

The  impulses  that  originate  in  the  semicircular  canals 
and  vestibule  of  the  internal  ear  can  unquestionably 
inhibit  certain  efferent  motor  (tonus)  paths,  as  may  be 
seen  in  oold  irrigations  of  the  external  auditory  c^nal, 
and  in  certain  forms  of  rotation.     But  this  effect  should 
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in  8ome  instanceB  be  classed  as  a  depression  of  function 
in  the  afferent  elemente  of  the  ordinary  reflex  tonus  mech- 
anisms^ rather  thtin  as  an  instance  of  positive  inhibition. 
This  subject  will  be  discussed  more  fully  in  a  later 
chapter. 

The  tonus  of  the  muscles  of  the  body  is  partly  main- 
tained by  a  constant  gtreani  of  afferpnt  impulses  from  the 
periphery  to  the  relat-ed  cells  in  the  ventral  horns  and  in 
other  centres  of  coordination  and  tonus,  e.g.,  the  cerebel- 
lum, mesencephalic  centres,  etc. 

The  grouping  of  the  varioiLs  cells  in  the  ventral  horn 
has  only  bepn  partialiy  determined  in  regard  to  their 
functions.  The  ventral  group  is  probably  related  to  the 
long  flexors  and  extensors  of  the  limits  and  the  central 
group  to  the  muscles  for  the  tiner  movements  of  the 
fingers  and  toes.  In  the  third  to  the  fifth  cervical  seg- 
ments the  central  group  contains  the  cells  related  to  the 
phrenic  nerve.  The  doreal  mesi^ll  group  seems  to  be 
related  to  the  muscles  of  the  vertebral  colimin.  Extra 
groups  of  cells  are  found  in*the  dorso-lateral  region. 
These  cells  are  probably  related  to  the  muscles  of  the 
limbfi. 

Touch,  pain  and  temperature  are  grouped  as  super- 
ficial sensibility,  as  compared  with  muscle  and  tendon 
sense  and  deep  pressure,  which  are  classed  as  deep  eenfii- 
bUity. 

Head  and  Rivers  "  have  found  in  the  skin  two  systems 
of  sensory  fibres.  One  eystera,  the  protopathic,  is  related 
to  sensations  of  pain  and  of  extreme  changes  of  tempera- 
ture. The  sensations,  however,  are  imperfectly  localized, 
and  the  sensibility  is  low,  i.e.,  the  threshold  of  stimula- 
tion is  high.  The  kind  of  sensation  present  in  the 
viscera,  also  mediated  by  this  system  of  ner\^e  fibres,  is 
called  protopathic  sensibility,  and  may  be  regarded  as  a 
defensive  agency  against  pathological  changes.  It  com- 
prises sensations  of  pain,  of  heat  above  87°  C,  and  of 
cold  not  above  26°  C.  It  is  assumed  that  three  different 
seta  of  nerve  fibres  mediate  each  of  these  three  eensa- 
tions. 

The  second  system  of  fibres,  the  epicritic,  mediates 
sensations  from  light  pressures  and  from  small  differences 
in  temperature  between  26**  and  B7°  C. 
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Epicritic  fibres  regenerate  much  more  slowly  after 
lesions  than  prot/ipathic  fibree.  They  enable  us  to  noake 
exact  digcriinimitiona  of  Umch  and  temperature.  They 
are  found  only  in  the  skin^  and  include  separat-e  fibres  for 
heat,  cold,  tactual  locfilization  and  tactual  discrimina- 
tion- 
Some  authors  assume  that  the  peculiar  structure  of  the 
various  eensory  temiinalf^  (recept^^rs)  have  much  to  do  in 
det^rminixig  the  adequate  stimulus  for  the  various  neiTe 
fibres;  and,  indeed,  there  is  evidence  that  the  doctrine  of 
specific  nerve  energies  applies  tx)  the  cutantxius  senses, 
i.e.,  thiit  each  sense  has  it^  own  nerve  fibres  capable  of 
mediating  only  its  own  quality  of  Bensation. 

There  is  also  evidence  that  the  peripheral  terminals  of 
the  efferent  paths  (effectors)  determine  the  effect  of  effer- 
ent impulses.  Thus  Langley^  caused  fibres  from  the 
chorda  tympani,  which  are  vaso-dilators  (inhibitory)  for 
the  8ul>maxillary  gland,  to  grow  down  into  the  peripheral 
end  of  the  divided  cervical  sympathetic,  which  carries 
vaso-constrictors  for  the  «ame  gland,  and  found,  after 
regeneration  had  taken  place,  that  stimulation  of  the 
chorda  tympani  then  caused  vaso-constriction  in  the  sub- 
maxilkiry  ghmd.  Erlanger"  cut  the  fifth  cervical  nerve, 
and  sutured  the  proximal  stump  to  the  distal  stump  of 
the  sectioned  vagus.  Later  he  found  that  stimulation  of 
the  fifth  trunk  caused  typical  vagus  phenomena. 

In  the  following  pages  we  shall  have  occasion  to  revert 
to  this  subject,  when  it  will  be  shown  that  the  ampullary 
nerve  terminals  of  the  semicircular  canals  and  of  the 
maculfiB  aeusticffi  of  the  vestibule  may  be  affected  by 
various  forms  of  stimulation,  e.g.,  galvanic,  thermic, 
rotation  and  always  with  the  same  constiint  specific 
result. 


RecapUulaiion  of  the  OerebeUar  Paths 

Afferent  cerebellar  tnicts,  i.e.,  to  the  cerel>ellmn. 

Paths  through  inferior  peduncle 

1.  By  way  of  the  vestibular  reception  nuclei  (includ-i 
ing  Deiters'j  to  the  roof  nucleuB  of  the  opposite  side' 
Mainly  crossed. 
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2.  By  way  of  the  vestibiilo-olivo-cerebellar  tract. 
Mainly  crossed. 

8.  Dorsal  sp  J  no-cere  bellarfasci  cuius  (direct  cerebellar, 
or  tract  of  Flechsig).     Mainly  uncroBsed. 

4.  The  vontrai  spino-corebellar  faaoieiilus  (Gowere' 
tract).     Partly  crossod. 

5.  Arcuate  fibres  from  the  uucIrI  of  the  posterior 
traetj^ ;  partly  crossed ;  and  s*jme  fibrep  from  the  arcuate 
nucleus,  partly  crosaed. 

6.  OHvo-cerebellar  fibres;  mainly  croBsed.  Theae 
fibres  include  the  veetniiilo-olivo-ceiebellar  tract  for  part 
of  its  extent.     (See  2  above. ) 

7.  Fil>n\s  from  the  nucleus  lateralis;  partly  cr<^>ssed. 

8.  Nucleo-cerobellar  tract;  mostly  crossed.  This  tract 
includes  No.  1  above,  as  well  as  the  fibres  fonnorly  in- 
cluded under  the  temi  direct  sensory  cerebellar  tract  of 
Edinger. 

9.  Fibres  from  the  third  nucleus  to  the  opposite  half 
of  the  cerebellum  (v.  Bechterew). 

Paths  tkr&ugh  the  middle  peduncle 

10.  Fronto-  and  temporo-occipito-cerebellar  tracts. 
Mainly  crossed. 

11.  Possibly  collaterals  from  the  pyramidal  tracts— 
mainly  crossed. 

Paths  through  the  superior  peduncle 

12.  Some  fibres  of  the  ventral  Bpino-cerobellar  fasci- 
culus (Gowers'  tract);  mainly  crossed  (Gordinier"). 

18.  Fibres  from  the  red  nucleus  to  the  dentate  nucleus ; 
mainly  crossed. 

Through  undsjined  paths 

14.  Fibres  from  various  sources,  bringing  various 
centres  of  the  brain-stem,  medulla  and  cord  into  relation 
with  each  other  under  one  common  coordinating  centre; 
fibres  from  the  eyes  directly  or  indirectly,  whereby  these 
aid  in  the  maintenance  of  equilibrium  through  the  opera- 
tion of  the  cerebellum.  The  filires  from  the  eyes  include 
pupillary  paths  (v.  Bechterew  ^^) ,  but  this  point  can  hardly 
ij«  considered  as  settled.  Other  liljres  are  supposed  to 
bring  the  visceral  movement's  under  cerebeOar  control. 
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though  it  is  probable  that  the  cerel^ellum  exerts  but  little 
direct  control  upon  visceral  movements.  These  fibres  are 
Baid  by  some  anatomists  to  pass  in  the  dorsal  8i>ino-cere- 
bellar  tracts.  Fibres,  especitdly  those  inmi  the  various 
organs  of  special  sense,  convey  impressions  from  the  audi- 
tory, vestibular,  visual  and  olfactory  organs  to  the  cere- 
bellum. 

Efferent  cerebellar  tracts,  i.e.,  from  the  cerebeUuni. 
By  way  of  the  inferior  peduncle 

1.  Part  of  the  cerebello-olivary  fibres,  the  paths  being 
continued  into  the  anterior  ground  bundle  of  the  cord 
(Kolliker).  The  destination  of  the  fibres  is  uncertain, 
but  most  probably  it  is  the  ventral  horn-cells. 

2.  The  cerebello-vestibulo-spmal  tract.  Uncrossed 
probably  because  of  double  decussation.  (See  Vestibulo- 
spinal tiact  in  the  cord. ) 

Through  the  middle  peduncle 

8.  The  cerebeUo-rubro-spinal  fibres.  Relations  mainly 
uncrossed  because  of  a  double  decussation. 

4.  The  cerebello-ponto-pyramidal  or  cerebello-pyra* 
midal  fibres.  Relations  uncrossed  because  of  a  double 
decussation. 

Through  the  superior  peduncle 

6.  The  cerebello-tegmental  tract,  which  includes  (a 
the  cerebello-th alamo-cortical  paths  crossed  and  uncrossed  ; 
(b)  the  cerebello-rubro-thalamico-cortieal  paths,  partly 
crossed;  (c)  the  cerebello-rubro-spinal  tract  proper,  the 
relations  of  which  are  mainly  uncrossed  because  of  a 
double  decussation. 

6.  Fibres  to  the  oculo-motor  nuclei  of  the  opposite 
side  (v.  Bechterew^')-  These  fibres  are  concerned  prob- 
ably in  the  conjugate  movements  of  the  eyes. 

Through  und^ned  pcUha 

7*  Fibres  to  the  posterior  longitudinal  fasciculus. 

8.  Fibres  to  the  various  centres  in  the  mid-brain, 
ponsj  medulla,  and  cord,  which  insure  coordinated  action 
of  ocular,  skeletal  and  perhaps  of  the  visceral  muscles  a& 
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well  as  of  the  great  centres  in  the  medulla,  e.g.,  the  vagus, 
glossopharyngeal  vaso-motor,  respiratory,  ete. 

Marchi  traced  degenerating  fibres  from  the  cerebellum 
to  all  the  cranial  nerves,  but  Ferrier  and  Turner,  ^as  well 
as  Risien-Russell,  have  not  been  able  to  confirm  his  find- 
ings. 


CHAPTER  VI 

THE  SYMPATHETIC  OR  AUTONOMIC  NERVOUS 
SYSTEM 


The  sympathetic  or  autonomic  nervous  system  (Lang- 
ley)  is  com]x>8ed  of  nouront^i^,  tho  cell  bodies  of  which  lie 
in  various  Bjinpathetic  ganglia.  The  chief  of  these 
ganglia  are: 

1.  The  s^Tiipathetic  chain  from  the  superior  cervical 
to  the  ganglion  coccygeuni. 

2.  The  outlying  ganglia,  with  or  without  names,  but 
related  to  the  former  group  as  follows :  (a)  In  the  abdo- 
men; the  prevertebral  ganglia,  viz.,  the  semilunar  or 
cceliac,  from  which  arises  the  coeliac  plexus  and  the 
inferior  mesenteric  giving  rise  to  the  hypogastric  ner\^e. 
These  ganglia  lie  ventral  to  the  Bynipathetic  chain,  but 
are  in  dirwt  connection  with  it.  (h)  lu  the  region  of 
the  head  other  ganglia  of  the  same  type  are  found,  viz., 
the  ciliary,  spheno-paktine,  otic,  enbmaxtllary,  sublin- 
gual, etc.  To  these,  perhaps,  should  be  added  the  cardiac 
ganglia  and  those  ganglia  located  in  the  plexuses  of 
Meissner  and  Am^rbacli  bet^veen  the  coats  of  the  intestinal 
tube,  although  Langley^  believes  that  the  cells  of  the 
gfmglia  of  the  Meissner  and  Auerbacb  plexuses  are  not  of 
file  sympathetic  tyx^e. 

The  continuity  of  the  sympathetic  with  the  central 
nervous  sysfcera  is  effected  by  efferent  fibres  which  leave 
the  latter  for  the  moat  part  by  way  of  the  anterior  spinal 
nerve  roots,  or  their  analogues  in  the  cranial  nerves.  It 
is  possible  that  some  efferent  fibres  may  leave  the  cord  by 
way  of  the  posterior  nerve  r<3ot.  Such  fibres,  however, 
must  suffer  int^^rmption  in  the  dorsal  root  ganglia  which 
contain  some  e3nnpathetic  cells,  since  they  do  not  degen- 
erate after  section  of  the  posterior  neiTe  root*  Cf.  the 
antidromic  impulses  of  Bayliss.*^ 
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The  efferent  paths  from  the  central  nervous  system 
are,  in  eveiy  instance,  int^^rniptetl  once  at  least  in  the 
sympathetic  ganglia.  From  the  |xiint  of  interruption  the 
pathway  is  continued  hy  e}nTi pathetic  npiu-ones  to  the 
peripheral  tissues.  The  sympathetic  pathway  consists 
therefore  of  two  or  more  nnuroneSj  one  of  which  belongs 
to  the  central  nervous  system,  constituting  the  pregangli- 
onic fibre.  The  path  is  completed  by  the  post-giingl ionic 
fibre  that  springs  fi-oni  a  cell  of  one  of  the  sympathetic 
ganglia.  *'The  fibres  from  the  spintil  cord  to  the  sympa- 
thetic  ganglia  connect  certain  cells  of  the  spinal  cord  with 
the  ceUs  of  the  eyinpathetic  ganglia  in  the  sajne  way  as 
the  fibres  of  the  p;vT"amidal  tracts  connect  certain  cells  of 
the  brain  with  the  cells  of  the  spinal  cord.  These  spinal 
fibres  become  pilo-motor,  vaso-niotor,  or  secretory  fibres, 
according  as  the  fibres  from  the  sympathetic  cells,  with 
which  they  are  connected^  end  in  the  erector  muscles  of 
the  hairsj  muscles  of  the  blood-vessels,  or  in  the  sweat- 
glands''  (Langley^).  The  sjinpathetic  system  is  also 
connected  with  liie  central  neiTous  system  by  means  of 
afferent  pathways  which  pass  by  way  of  the  posterior 
root  ganglia,  forming  the  afferent  path  for  certain  re- 
flexes, and  exceptionallyj  perhaps,  for  conscious  sensa- 
tions. 

The  sympathetic  reflexes  in  the  normal  individual 
are  carried  on  below  the  level  of  consciousness,  but  in 
certain  disordered  sttiteg,  e.g.,  neurasthenia,  cardiac  pal- 
pitation, disorders  of  digestion,  etc.,  afferent  influences 
from  the  sympathetic  system  reach  the  level  of  conscious 
perception. 

The  preganglionic  fibres  of  the  sympathetic  system 
spring  from  four  regions,  viz.:  (1)  From  the  mid-brain, 
emerging  in  the  third  cranial  ner\^e,  and  passing  to  the 
ciliary  ganglion;  (2)  from  the  bulbar  region,  emerging 
in  the  seventii,  ninth,  tenth,  and  eleventh  cranial  nei-vesj 
(8)  from  the  thoracic  nerves,  viz.,  from  the  first  thoracic 
to  the  fourth  or  fifth  lumbar  nerves  and  passing  in 
general  to  the  sympathetic  chain,  many  fibres,  however, 
passing  without  interruption  to  the  abdominal  ganglia; 
(4)  from  the  sacral  regions  by  way  of  the  ner\^oua  erigens 
8npi>lying  the  descending  colon,  rectum,  anus  and  geni- 
tal organs. 
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The  connections  between  the  anterior  nerve  roots  and 
the  chain  of  sympathetic  ganglia  are  known  as  the  rami 
commtinicantes.  These  are  divided  into  (a)  white  rami, 
or  those  posseesing  a  medullary  sheath  and  which  consist 
of  preganglionic  fibres;  and  (b)  grey  rami,  ivhich  are 
non-raedullated,  or  are  but  slightly  medullated  and  con- 
sist of  post-ganglionic  fibres.  In  the  cervical,  lumbar 
and  sacral  regions,  the  rami  are  exclusively  grey  whilst  in 
the  thoracic  and  upper  lumbar  regions  both  white  and 
grey  rami  are  found.  The  fibres  of  the  white  rami 
(preganglionic  fibres)  may  pass  up  or  down  the  chain  for 
some  distance  before  ending  in  a  sympathetic  ganglion. 

The  grey  rami  represent  post-ganglionic  fibres  return- 
ing from  the  sympathetic  chain  to  join  the  anterior 
spinal  nerves,  w^hich  they  accompany  to  tlieir  areas  of 
distribution,  especially  the  cutaneous  areas,  since  the 
branches  to  the  skin  supply  tlie  sweat-glands,  blood-ves- 
sels and  pilo-motor  muscles. 

The  paths  which  pass  as  post-ganglionic  fibres  in  the 
grey  rami  to  any  one  spinal  nerve  do  not  necessarily  rep- 
resent continuations  of  the  paths  that  pass  as  pregan- 
glionic fibres  in  the  white  rami  from  tlie  same  nerve.  In 
general,  there  is  a  great  outflow  of  preganglionic  fibres, 
including  vaso* motor,  secretory  (sweat)  and  pilo-motor 
in  the  white  rami  from  the  first  and  second  thoracic  to 
the  second,  and  even  to  the  fourth,  lumbar  nerve.  The 
continuations  of  those  paths  destined  for  the  skin  areas  of 
the  head,  lim}>e,  and  trunk,  return  by  tlie  grey  rami  to 
the  anterior  spinal  nerves  and  run  with  thera  to  their 
destination. 

The  fibres  for  the  blood-vessels,  glands  and  walls  of 
the  abdominal  and  pelvic  viscera,  after  entering  the  sym- 
pathetic chain,  emerge  without  suSering  interruption,  and 
pass  still  as  preganglionic  fibres  of  the  splanchnic  nen^es, 
to  the  cceliac  ganglion,  or  in  the  branches  that  connect 
with  the  inferior  mesenteric  ganglion.  From  these  points 
the  paths  are  continued  as  post-ganglionic  fibres. 

The  fibres  for  the  glands,  blood-vessels  and  plain 
muscle  of  the  head  region  after  entering  the  sympathetic 
chain  pass  upward  along  the  cervical  sympathetic  to  end 
in  the  superior  cervical  ganglion.  From  this  point  the 
paths   are    continued    by   postganglionic   fibres,    which 


emerge  in  the   various   plexiiseB   that   spring  from  thig 
ganglion. 

The  course  of  the  various  preganglionic  fibres  is  as 
follows : 

1.  Those  from  the  third  cranial  nerve  end  in  the  cil- 
iary ganglion,  thence  the  path  is  continued  as  postgangli- 
onic fibres  that  pass  in  the  short  ciliary  nerves  to  the 
iris  and  ciliary  muscle. 

2,  The  fibres  that  emerge  by  the  VII  and  IX  cranial 
nerves  probably  supply  the  glands  and  blood-vesaels  (vaso- 
dilator fibres)  of  the  mucous  membrane  of  the  nose  and 
mouth.  Some  of  these  fibres  reach  the  fifth  nerve  by 
anastomosing  branches  and  are  distributed  with  it. 

The  preganglionic  fibres  of  the  VII  and  IX  cranial 
nerves  end  in  the  ganglia  of  the  sjTupathetic  type  of  this 
region,  viz. ,  the  splieno-palatine,  otic,  submaxiUary,  sub- 
lingual. 

8.  The  preganglionic  fibres  of  the  X  cranial  nerve 
(representing  also  fibres  from  the  X  nucleus)  are  viscero- 
motor for  the  oesophagus,  stomach,  small  intestine,  and 
large  intestine  as  far  as  the  descending  colon.  They  also 
supply  motor  fibres  for  the  bronchial  musculature,  inhibi- 
tory fibres  for  the  heart,  and  secretory  fibres  for  the  gas- 
tric and  pancreatic  glands.  It  is  well  known  that  the 
central  nervous  system  can  inhibit  and  augment  the  gen- 
eral contractions  of  the  stomach  and  intestines. 

The  ganglia  in  which  the  preganglionic  fibres  of  the 
vagus  end  have  not  been  definitely  located,  but  probably 
these  comprise  the  small,  and  for  the  most  part  unnamed 
ganglia  distributed  in  and  near  the  organs  innervated. 

Burton-Op itz  **  has  demonstrated  by  means  of  the 
Btrohmur  that  the  vagus  contains  no  vaso-motor  fibres  for 
the  stomacb- 

4.  The  preganglionic  fibres  from  the  sacral  cord  pass 
in  the  anterior  roots  of  the  second  to  the  fourth  sacral 
nerves.  The  branches  from  these  roots  unite  to  form  the 
nervus  erigens  (pelvic  nerv^e)  which  loses  itself  in  the 
pelvic  plexus  without  connecting  with  the  sympathetic 
chain.  The  pelvic  plexus  is  also  iformed  in  part  from  the 
hypogastric  nerve  arising  from  the  inferior  mesenteric 
ganglion.  Through  this  pathway  sympathetic  fibres  from 
the  upper  lumbar  region  enter  the  plexus. 
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The  Bympathetic  fibres  of  the  nervus  erigens  supply 
vaso-dilator  fibres  to  the  external  genitals  causing  erec 
tion  in  the  male.  They  also  supply  vaeo-dilator  fibres  to 
the  rectum  and  anus,  and  motor  fibres  to  the  plain  muscle 
of  the  descending  colon,  rectum  and  anus.  The  pregan- 
glionic fibres  of  these  pathways  end  in  smidl  sympathetic 
ganglia  in  the  pelvic  plexus  or  in  the  neighborhood  of  the 
organs  supplied. 

The  accelerator  fibres  for  the  heart  emerge  from  the 
anterior  roots  of  the  second,  third  and  fourth  thoracic 
spinal  nerv^es  (according  to  some  authorities  from  the 
first  and  fifth  thomcic,  and  even  from  the  lower  cervical 
nervo  roots  as  well).  The  fibres  pass  by  the  white  rami 
to  the  stellate  or  first  thoracic  ganglion,  some  ending  in 
tlie  inferior  cervical  ganglion,  and  thence  by  way  of  the 
annulus  of  Vieufit^ens  to  the  inferior  cervical  ganglion. 
Many  branches  leave  the  sympathetic  system  and  vagus 
in  this  region  and  pass  to  the  cardiac  plexus  and  so  to 
the  heart.  Hence  in  some  of  these  branches  accelerator 
fibres  are  found  mixed  with  vagus  inhibitoiy  fibres.  No 
accelerator  fibres  are  found  in  the  cervical  sympathetic 
above  tlie  inferior  cervical  giinglion.  The  vagus  contains 
some  accelenitor  fibres  as  stimulation  of  that  nerve  after 
atropin  causes  acceleration  of  the  heart. 

The  accelerator  centre  has  not  been  definitely  located. 
Stimulation  of  the  upper  cervical  region  causes  ciirdiac 
acceleration,  but  this  merely  shows  that  the  centre  may  he 
situated  in  this  region  or  above  it. 

Certain  ner%'e  fibres  carry  afferent  impulses  to  the  vaso- 
motor centres  whereby  reflex  constriction  or  dilatation  of 
the  peripheral  vessels  is  effected  with  consequent  tendency 
to  elevation  or  lowering  of  the  general  blood-pressure. 
Such  fibres  are  known  as  pressor  or  depressor  nerves  re- 
spectively. In  the  dog  the  afferent  depressor  fibres  for 
the  heart,  run  in  the  vagus ^  but  in  other  animals  these 
fibres  form  a  separate  bundle— the  depressor  nerve— dis- 
covered by  Ludwig  and  Cyon  in  1866.  In  man  the 
depressor  fibres  most  probably  run  in  the  vagus,  and 
originate  betiveen  the  cardiac  muscle  fil>res  or  in  the  walls 
of  the  aorta.  These  fibres  are  merely  sensory,  and, 
when  stimulated,  cause  inhibition  of  the  vaso-constrictor 
centre. 
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The  normal  mode  of  stimulation  of  the  sympathetic 
eystem  is  reflex.  This  portion  of  the  nervous  system  is, 
tiierefore,  mainly  concerned  with  involuntary  action. 
Apparently  the  only  reason  that  can  be  assigned  for  this 
fact  is  that  the  ultimate  pointe  of  origin  of  the  paths  are 
located  in  regions  other  than  the  voluntitry  motor  cortex 
(Howell**).  However,  as  before  stated,  in  certain  abnor- 
mal conditions  afferent  impulses  from  the  sympathetic 
system  may  give  rise  to  conscious  sensations.  Animals, 
as  Goltz  and  others  have  shown,  live  after  severance  of 
the  nerve  connections  of  the  abdominal  viscera  with  the 
spinal  cord.  After  some  primary  disturbances  the  func- 
tions of  the  aJimentaiy  canal  go  on  as  usual,  but  the  gen- 
eral vital  resistance  is  much  impaired,  necessitating  great 
care  in  the  preparation  and  selection  of  food.  This 
indicates  that  whilst  the  cerebro-spinal  system  normally 
exerts  control  over  intestinal  movements,  and  presumably 
over  other  visceral  functions,  the  latter  nevertheless  can 
be,  and  perhaps  normally  are,  mainly  executed  under  the 
influence  of  mechanisms  beloliging  to  the  diffuse  as  dis- 
tinguished from  the  cerebro-spinal  nervous  system.  Bay- 
liss  and  Starling^  concluded  that  peristalsis  is  a  compli- 
cated reflex  carried  out  through  the  intrinsic  ganglia. 


Summary  of  the   Vaw-motor  N&rves 
Efferent  fibres : 

1*  Vaso-constrictor  fibrea  distributed  chiefly  to  the 
skin  and  the  abdomimil  viscem  (splanchnic  area).  The 
hlood- vessels  of  this  area  are  all  governed  by  the  general 
constrictor  centre  in  the  medulla  as  well  as  by  their  owa 
particular  centres  in  the  cord  or  elsewhere.  They  are 
normally  in  a  stiite  of  tonic  contraction. 

2.  Yaso-dilator  fibres,  distributed  especially  to  erectile 
tissue,  glands,  the  bucco-facial  regions  and  muscles. 
The  blood-vessels  of  these  stnietures  and  areas  are  not 
under  the  control  of  a  superior  governing  centre  in  the 
medulla,  and  the  dilator  fibres  are  not  normally  in  a  state 
of  tonic  activity. 

Afferent  fibres : 

1.  Pressor  fibres  which  cause  a,  rise  in  blood-pressure 
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by  reflex  stimulation  of  the  vaso-conetrictor  centres,  e.g., 
sensoiy  nerves  of  the  skin  or  any  sensory  nerve  when 
powerrally  stimulated. 

2.  Depressor  fibres  which  cause  vaso-dilatation  and 
fall  of  blood-pressure  by  inhibition  of  the  vaso-constrictor 
centre  in  the  medulla  oblongata,  e.g.,  depressor  fibres  of 
the  heart. 

8.  Depressor  reflex  vaso-dilator  fibres  which  cause 
vaso-dilatation  and  fall  in  blood-pressure  by  stimulation 
of  the  related  vaso-dilator  centres,  e.g.,  erectile  tissue, 
congestion  of  glands  in  functional  activity. 


CHAPTER  VU 


THE  PATHS  INVOLVED   IN  PUPILLARY  MOVEMENTS 


The  mechanism  of  pupillary  constriction  consists 
chiefly  in  contraction  of  the  fiphincW  muscle  accompftnied 
by  relaxation  of  the  dilator  and  dilatation  of  the  blood- 
vessels. DDatation,  on  the  other  hand,  is  effected  mainly 
by  contraction  of  the  dilator  muscle,  accompanied  by 
inhibition  of  the  sphincter  and  contraction  of  the  vessels 
of  the  iris.  The  part  played  by  the  blood-vessels  is  a 
relatively  iinimportimt  factor,  as  it  has  been  shown 
(Budge  and  Waller  ^^^)  that  dilatation  can  occur  without 
variation  in  the  blood-snppIy  of  the  irisj  whilst  Sal- 
kowski  ^'*  Bhowed  that  actual  constriction  of  the  veasels 
may  accompany  pupillary  dilatation.  Langley  and  An- 
derson,^ however,  state  that  constriction  of  the  arteries 
with  contraction  of  their  longitudinal  fibres  might  be  a 
possible  factor  in  dilatation,  but  do  not  believe  that  vas- 
cular changes  have  much  influence  on  pupillary  move- 
ments. 

The  pupil  is  not  directly  under  control  of  the  will. 
Its  movements  originate  (1)  by  reflex  stimulation,  or  (2) 
by  synkineses,  i.e.,  the  pupillary  movement  is  associated 
with  other  voluntary  or  reflex  movements.  There  are  two 
chief  reflexes  and  two  chief  Bynkinesee,  giving  in  all  (1> 
the  light  reflex  J  (2)  the  accommodation  synkinesis;  (8) 
the  sensory  reflex;  and  (4)  the  cerebral  or  psychic 
synkinesis. 

The  optic  nerve  contains  fibres  from  all  parts  of  the 
retina.  The  ])upilkiry  fibres  decussate  partially  in  the 
chiasm  and  pass  into  the  optic  tract.  Since  destruction 
of  the  lat^eral  geniculate  body  does  not  destroy  the  light 
reflex  (v.  Bechterew,  "*  Henschen  "*) ,  tlie  pupillary  paths 
evidently  do  not  enter  this  body. 

Flourens**  believed  the  pupillary  constrictor  centre 
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was  in  the  corpom  quadrigemina;  but  Knoll,  *^'  who  wi 
confirmed  by  v»  Bychterew  and  bj  Ferrier  and  Turner,' 
showed  that  the  superior  coUiciili  might  be  removed  with- 
out abolition  of  the  light  reflex.  According  to  Bogroff  and 
Flechsig ""  a  tract  pafiaes  from  the  optic  tract  directly 
into  the  fitratiim  grisemn  centrale.  v.  Bechterew^*^  be- 
lievcB  the  pupillary  fibres  leave  the  optic  trfict  at  the  level 
between  the  corpus  cinereura  and  the  root  fibres  of  the 
third  nerv^e,  near  the  entrance  of  the  optic  tract  into  the 
external  genicidate  hody,  and  run  thence  to  the  posterior 
part  of  the  third  ventricle,  where  they  end  al>out  neurones 
that  Bend  axonee  to  the  third  nucleus  of  the  same  side^ 
V.  Becht<3rew  ^^'^  alao  believes  that  pupillary  fibres  pass  in 
the  Buperior  peduncle  betwi3cn  the  third  nucleus  and  the 
cerebellum.  The  patbs  are  crossed  and  convey  impulses 
in  both  directions. 

Darktichewitach  *2i  believes  the  pupillary  fibres  leav< 
the  optic  tract  near  the  external  geniculate  body  and  pass,^ 
through  the  thalamus  to  the  ganglion  habenulEc,  being 
relayed  thence  through  the  posterior  commlfc^aure  to  the 
nucleus  bearing  his  name.  But  v,  Bechterew  and  others 
showed  that  this  nucleus  is  not  related  to  the  third  nerve, 

BemheLmer  *-^  thinks  the  pupillary  fibres  pass  directly 
to  the  third  nucleue.  Bach,^^  however,  could  not  con- 
firm this  view.  It  is  still  a  question  as  to  what  the  defin- 
ite path  of  the  pupilltuy  fibres  is.  It  seems  most  likely 
(Parsons*'^)  that  these  fibres  pass  by  the  superior  brachium 
into  the  superior  coUiculi,  aiid  by  means  of  new  connec- 
tions the  paths  pass  to  the  third  nucleus  of  the  same  and 
opposite  side.  The  difficulty  alwut  this  is  that  extirpa- 
tion of  the  coiliculi  does  not  abolish  the  light  reflex.  Par- 
sons, however,  states  that  the  pupillaiy  fibres  end  in  the 
lateral  portion  of  the  coiliculi  wliich  was  not  removed  in 
the  experimentis  of  Ferrier  and  Turner.  ^^^ 

According  to  Sackiand  Schmaus,'''SShaeffer,^^  Argyll- 
Robertson,  "^-^  Wolff /^'  Ruge'-*and  others,  pupillary  con- 
striction is  caused  in  part  by  inhibition  of  dilatation. 
ParaonB,*^  Anderson  ^^*  and  others  maintain  that  pupillary 
constriction  is  solely  effected  by  the  constrictor  centre. 
The  grounds  for  such  a  view  are :  (1)  After  section  of  the 
third  ner%fe  variation  in  the  illumination  does  not  aHect 
the  pupil ;  (2)  paradoxical  pupil  dilatation  may  arise  and 


ANATOMY 


107 


rsist  for  one  minute  in  strong  sunlight;  (B)  the  irregu- 
ity  of  the  pupils  consequent  on  sympathectomy  is  not 
diminished,  but  rather  increased,  by  bright  illumination 
of  the  eyes.     These  reasons  are  scarcely  sufficient  to  elimi- 
nate dilator  inhibition  in  the  light  reflex. 

It  is  generally  accepted  that  the  centre  for  pupil  con- 
striction is  located  in  the  third  nucleus.  Marina  ^^" 
thinks  the  ciliary  ganglion  contains  the  centre  for  the 
light  reflex.  His  experiments,  however,  are  not  con- 
vincing. 

The  efferent  pnpiUo-constrictor  path  passes  via  the 
third  nerve  (branch  to  the  inferior  oblique)  to  the  ciliar}^ 
ganglion  where  J  after  interruption,  the  paths  are  continued 
in  the  short  ciliary  nerves  to  the  iris. 
^^  Langley  and  Anderson,  *^^  Apolant,  ^^  Langendorff  ^** 
w^ftead  others  have  shown  that  the  third  nerve  fibres  enter- 
^^^ing  the  ciliary  ganglion  end  about  the  cells  of  the  latter 
as  preganglionic  fibres,  the  paths  being  continued  through 
postganglionic  fibres  into  the  abort  ciliary  nerves  and  bo 
to  the  iris.  The  exact  nature  of  the  cellB  in  the  ciliary 
ganglion  has  been  a  matter  of  much  investigation  and 
controversy.  Langley  and  Anderson*"  and  Langendorff  ^*^ 
liave  shown  that  the  ganglion  contains  no  spimd  ganglion 
elements.  The  more  recent  work  of  Anderson  **^  showed 
that  after  removal  of  the  ciliary  ganglion  there  was  no 
degeneration  of  medullary  libres  in  the  III,  IV,  V,  or  VI 
nei-ves.  Jegerow  *^*  found  that  after  section  of  the  third 
nerve  removal  of  the  ciliary  ganglion  increased  the  dilata- 
tion of  the  pupil.  And  since  excision  of  the  superior 
cervical  ganglion  reduces  the  number  of  cells  in  the 
ciliary  ganglion  (Bumm*^'),  and  eserine  does  not  con- 
trol the  pupil  so  efficiently  after  sympathetic  ganglionec- 
tomy  (Levinsohn"'),  we  may  conclude  that  some  con- 
Btrictor  paths  find  their  way  to  the  ciliary  ganglion 
through  the  sympathetic,  (See  also  Onuf  and  Collins  2°^.) 
Anderson"^  removed  the  ciliary  ganglion  in  kittens, 
and  after  a  few  days  foimd  that  by  partiaDy  aaphj^iating 
or  killing,  or  by  dividing  the  third  nerve,  the  dilated 
pupil  became  smaller  than  the  control.  This  phenome- 
non, known  as  paradoxical  pupil  contraction,  he  attribu- 
ted to  increased  excitability  of  the  paralyzed  muscle. 
The  phenomenon  is  not  of  as  frequent  occurrence  as  th© 
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parallel  phenomenon  paradoxical  pupil  dilatation  occur- 
ring sometimes  after  removal  of  the  superior  cervical 
ganglion. 

The  pupillo-dilator  tract  begins  prolmfoly  in  the  mes- 
encephalon near  the  third  nucleus.  Passing  caudad  by 
unknown  paths  it  descends  in  the  lateral  tract  of  the  cord. 
In  the  cat,  dog  and  ape  the  paths  leave  the  cord  by  the 
ventral  roots  of  the  three  upper  thoracic  nerves,  enter  the 
rami  eommunicantesj  and  pass  to  the  first  thoracic  or  stel- 
late ganglion.  From  this  point  most  of  the  fibres  pass  by 
way  of  the  anterior  limb  of  the  annulus  of  Vieussens, 
some  fibres  also  imssing  in  the  posterior  limb,  up  the 
neck  in  the  cervical  sympathetic  to  the  superior  cervical 
ganglion.  From  the  latter  the  tract  enters  the  skull  by 
the  cervico-Gasserian  strand,  and  runs  independently  of 
the  carotid  plexus  to  join  the  Gaaserian  ganglion ;  pass- 
ing thence  into  the  first  or  ophthalmic  division  of  the  fifth 
nerve,  following  the  nasal  branch,  the  tract  finally  leaves 
the  latter  to  enter  the  long  ciliary  nerves,  thus  avoiding 
entrance  i nto  the  c il  i  ary  gangl  ion .  The  long  cil iary  nerves 
enter  the  eye  on  each  side  of  the  optic  nerve,  and  pass 
forward  between  the  chorioid  and  sclerotic,  through  the 
ciliary  body,  to  be  distributed  to  the  iris.  In  the  course 
of  this  path  lie  the  superior-cilio-spinal  centre  which  is 
a  hypothetical  centre  in  the  medulla  near  the  XII  nucleus, 
and  the  inferior  cilio-spinal  centre  of  Budge,  ^^^  which  lies 
in  the  cord  between  the  sixth  cervical  and  fourth  thoracic 
vertebra?.  Schiffj'"  however,  showed  that  the  inferior 
cilio-spinal  was  not  an  independent  automatic  centre. 
It  may  be  noted  that  the  akjve  includes  only  efferent 
paths,  or  at  least,  it  does  not  include  afferent  paths  lead- 
ing to  the  mesenc-ephalic  centrpj  although  it  is  probable 
that  the  exclusion  of  light  acta  as  a  positive  stimulus  to 
the  dilator  mechanism  (Howell  *^) . 

The  existt3nc«  of  a  pupillo-dilator  muscle  has  been 
much  studied  and  discussed.  Maunoir  "^  first  propounded 
it,  but  no  uniformity  of  opinion  so  far  prevails.  The 
difficulty  seems  to  attach  itself  chiefly  to  the  histological 
differentiation  between  the  radial  fibres  and  the  blood- 
vessels of  the  iris,  and  to  the  interpretation  of  the  nature 
of  the  cells  in  the  postjerior  layer  of  the  iris  (Parsons**). 
The  present  state  of  the  question  seems  to  be  that  the  aa- 
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terior  layer  of  the  retinal  pigmented  ppitheliuna  acta  as  a 
dilator  muscle  (Granert  ^^^) .  The  cells  on  bleaching  look 
like  plain  muscle  fibres  and  etain  in  the  same  manner. 
WTiatever  be  the  state  of  the  question  from  the  anatomi- 
cal point  of  view,  Langley  and  Anderson  *^*  have  demon- 
strated conclusively  the  existence  of  a  dilator  of  the  pupil. 

Homolateral  pupillary  constriction  following  section 
of  the  cervical  sympathetic  was  first  pointed  out  by  Par- 
four  du  Petit. *^**  Removal  of  the  superior  cervical  gan- 
glion was  found  to  cause  wider  pupillary  dilatation  than 
simple  section  of  the  nerve  trunk  (FrangoiB-Franck*^* 
and  others).  The  general  effect  of  sympathectomy  or  of 
ganglionectomy  are:  miosis,  narrowing  of  the  palpebral 
aperture,  projection  of  the  nictitating  membrane,  retrac- 
tion of  the  globe  (Langendorff  ^^^) ,  hyperemia  of  the  con- 
junctiva (Heese**^),  temporarily  inLTeasod  secretion  of 
tears  due  to  hypersemia  (Levisohn^^*),  diminution  of 
intra-ocular  tension  (Adamiik,'^®  Selenkowski  and  Rosen- 
berg***)»  degeneration  of  the  retinal  ganglion  cells  and 
optic  nerve  (Lodato*''^),  vascular  injection  of  the  eye- 
ground  upon  the  side  of  operation  (Sinit^zen  *^*)  and 
perhaps  trophic  disturbances. 

Galvanic  or  farad ic  stimulation  of  the  cervical  sympa- 
thetic causes :  homolateral  pupillary  dilatation  with  pu- 
pillary constriction  on  the  opposite  side  (Schenk  and 
Fuss  *^^) ;  change  in  the  color  of  the  iris  because  of  dis- 
placement of  its  fibres;  retraction  of  the  nictitating 
membrane  and  widening  of  the  palpebral  fissure  with 
protrusion  (retraction  in  the  rabbit,  Heese)  of  the  eyeball 
(Katschew  *^*) ;  constriction  of  the  vessels  of  the  conjunc- 
tiva, iris  and  retina  (Heeso*^^);  increased  intraocular 
tension  (Adamiik^**)  and  diminished  lachrymal  secre- 
tion (Wolferz  and  Demtschenko  *'°)  the  last  effect  being 
the  result  of  vascular  changes  (Campos  ^^^  and  Levisohn'^*) . 
Lodato  found  that  slow  irrittition  of  the  sympathetic, 
e.g.  j  by  implantation  of  a  foreign  body,  causes  dilatation 
of  the  homo-latera!  pupiL  This  pupil  reacts  slightly  to 
light,  but  more  so  to  light  flashed  in.  the  opposite  pupil, 
Lodato  attributed  the  phenomenon  to  retinal  anaemia. 
Schenk  and  Fuss*^^  confirmed  Dogiel's  observ^at ion  that 
etimulation  of  the  cervical  8}Tnpathetic  tended  to  cause 
^Di^triction  of  the  opposite  pupil,   but  showed  that  it 
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was  due  to  the  consensual  reflex.     As  the  latter  is  absent 
in  rabbits  the  authors  did  not  observe  the  phenomenon  h 

these  animals. 

Under  certain  circumstances  after  eyrapathetic  gan- 
glionectomy,  e.g.,  excitement,  dyspnoea,  anaesthesia,  or 
death,  the  pupil  may  dilate  instead  of  contracting  (Lan- 
gendorff/83  Anderson/®*  Lewandowski/®*  and  •others). 
This  phenomenon  is  known  as  paradoxical  pupillo-dila- 
tation.  The  cause  is  attributed  by  Anderson  ^^'  to  in- 
creased automatic  excitability  of  tlie  dilator  conti-acti 
tissues,  this  latter  condition  being  in  turn  attributed  by^ 
Langendorff  ^*^  to  degeneration  of  the  nerve  elements. 

The  accommodation  synkinesis  is  considered  to  be 
merely  a  constrictor  effect  accompanying  accommodation, 
or  rather  convergence.  The  phenomenon  is  not  consid-i 
ered  to  be  a  true  reflex,  Weljor,  ^*^  however,  proved  b^ 
means  of  prisms  that  consjtriction  occurred  in  convergence 
without  accommodation  and  not  vice  versa^  and  it  is  well 
known  clinically  that  tlie  accommodation  phenomena  are 
absent  in  paralysis  of  the  third  nerv^e.  Moreover,  even 
when  the  pupil  is  very  small,  it  can  be  made  to  contract 
by  convergence,  whereas  in  fixation  for  distance,  in  these 
instjmces  the  degree  of  dilatation  corresponds  exactly 
with  that  of  the  previous  constriction.  Those  considera- 
tions coupled  with  the  presence  of  Golgi-Mazzini  end- 
organs  in  the  tendons  of  the  ocular  muscles  tend  to  show 
that  nccommodiition  constriction  resembles  a  true  reflex 
mediated  tlimugh  varying  tension  in  the  different  ocular 
muscles.  Clinical  observation  shows  tliat  with  one  eye 
clnsf*d  and  hel<l  firmly  so  as  to  prevent  convergence, 
efforts  at  accommodation  cause  little,  if  any,  constriction. 

Tlie  dilatation  observed  by  Heiisen  and  Volkers*^on 
stimtilation  of  the  VI  nucleus  can  be  accounted  for  by 
inhibition  of  tlie  internal  rectus,  coupled  perhaps  with 
active  dilatation,  as  Slierrington-^^  has  shown  by  cortical 
stjundation  tliat  reciprocal  innervation  obt^iins  between 
these  muscles.  Laagley  ^n  has  shown  that  the  superior 
ci*rvical  ganglion  sends  post-ganglionic  fibres  to  the  III 
and  V 1  nerves.  The  function  of  these  fibres  is  not  known. 
Tliey  were  formerly  supposed  to  be  vaso -motor  for  the 
ocular  muscles,  but  subsequent  experiments  have  dis- 
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The  fleneoTy  pupil  reflex  consists  in  dilatation  induced 
by  tactile,  pathic  and  other  sensory  stimuli.  Upon  the 
application  of  any  of  the  etimuli  named,  there  is  at  first 
a  rapid,  short-lived,  primary  dilatation  due  to  rBflex 
augmentation  of  the  dilator  tone.  This  is  followed  by  a 
second  dilatation  rapid  in  onset  but  slow  in  disappearing, 
and  due  to  inhibition  of  constrictor  tone  (Anderson  *^^) , 

The  sensory  reflex  was  first  obtained  on  stimulation  of 
the  posterior  faBciculi  of  the  cord  byChauveau,  who  found 
that  the  effect  was  afxjlished  by  eection  of  the  cord  above 
Budge's  inferior  cilio-spinal  centre.  Later  Bernard"** 
showed  that  stimulation  of  any  peneory  ner\'e  evoked  the 
reflex,  and  Balogh  ^^^  that  it  could  be  evoked  after  removal 
of  the  superior  cervical  ganglion,  v.  Bechterew  main- 
tained that  the  sensory  reflex  was  entirely  due  to  inhibi- 
tion, but  Anderson  *^^  got  well-marked  dilatation  from 
stimulation  of  the  sciatic  nerve  after  division  of  the 
pupillo-constrict/or  path.  This  dilatation,  which  was 
accompanied  by  the  other  phenomena  associated  with 
stimulation  of  the  cer\ical  Bympathetic,  was  abeent  if  the 
cervical  sympathetic  as  well  as  the  third  nerve  had  been 
previously  cut. 

The  cerebral  ejmkinesis  (psycho-kinesis,  Parsons)  is 
the  name  given  to  alterations  of  the  pupil  induced  by 
psychic  stimuli,  e.g.,  fear,  the  thought  of  a  bright  light, 
etc.  It  is  also  to  a  great  extent  an  association  of  ocular 
movements  which  themselves  may  bo  the  result  of  sen- 
sory impulses  (Parsons*^).  Haab^  first  described  the 
phenomenon. 

Pupil  dilatation  and  constriction  have  been  observed 
by  Hitzig,2°*  Ferrier,^  Braunstein,''"'^  and  many  other 
physiologists  upon  stimuJation  of  various  regions  of  the 
brain.  It  was  generally  found  that  dilatation  was  more 
easily  produced  than  constriction,  but  no  strict  localiza- 
tion could  be  made  out.  Most  observers  considered  the 
effects  as  complications  rather  than  direct  results  from 
local  stimulation  of  the  cortex.  The  dilatation  is  usually 
accompanied  by  the  other  known  effects  of  stimulation  of 
the  cervical  spnpathetic.  Section  of  this  latter  abolishes 
all  these  effects  but  the  pupillary  dilatation,  and  this  it 
diminishes.  With  both  sympathetics  intact,  fidl  dilata- 
tion of  the  pupils  occurs  in  epileptoid  convulsions  result- 


tug  from  pndaofed  or  freqne&t^j  repettted  excttataoo  of 
<»itical  motor  areas  (PiMwoiw*"). 

In  Far&ons^  experuneDtB  upon  cats  the  following  areas 
of  the  brain  on  stimulation  caused  papil  dilatation  after 
d^tmction  of  all  poasible  sympodietic  pojdis:  (1)  A  con- 
si  d^^mble  area  about  the  crucial  sulcuj^;  (2)  the  mesial 
surfito43  of  the  hemisphere  in  the  occipital  region  near  the 
'J' lal  gulcus;  (3)  the  anterior  part  of  third  or  median 
^"luohjtion.  Ferrier*  got  constriction  and  divergence 
from  tills  latter  area  in  the  dog.  In  exceptional  cases 
transitory  constriction  preceded  dilatation. 

In  the  occipital  region,  in  the  poeterior  part  of  the 
third  or  median  convolutions,  Ferrier  got  constriction, 
but  Parsons  could  not  confirm  the  observation  upon  the 
cat  whilst  Franco! s-Franck  got  temporary  constriction 
followed  by  dilatation.  Parsons  got,  upon  the  dog,  re- 
sults similar  to  those  obtained  upon  the  cat,  and  con- 
cluded that  there  probably  exist  in  the  frontal  and  occipi- 
tal areas  foci  for  constriction,  but  that  these  are  masked 
by  the  dilator  effects,  which  are  more  easily  produced. 

Section  of  the  third  nerve  after  previous  division  of 
the  cervical  s}Tnpathetic,  left  the  pupil  immobile  and 
three-qimrters  dilated.  Stimulation  of  the  cortex  was 
then  witliout  effect. 

Section  of  the  corpus  callosum  was  without  effect 
uprjn  dilatation  from  cortical  stimulation.  Hence  the 
Iji lateral  effect  was  not  due  to  stimulation  acting  through 
the  opposite  cortical  areaSj  but  to  its  effect  upon  tibe 
lower  centres. 

Stimulation  of  the  anterior  and  posterior  part  of  the 
corona  radiata  and  internal  capsule,  i.e.,  fibres  from  the 
frontal  and  occipit*il  areas,  caused  bilateral  dilatation  of 
the  pupils.  In  one  case  there  was  constriction  and  con- 
fvergence  from  stimulation  of  the  posterior  part  of  the 
internal  capsule, 

Sherrington,^  after  vagus  and  spinal  transection 
which  cut  off  impulses  from  above  and  those  from  below 
via  the  cervical  sympathetic,  found  the  pupils  dilated  as 
if  in  anger*  This  indicates  that  in  pupil  dilatation  from 
stimulation  of  the  cerebral  cortex  after  section  of  the 
sympathetic,  the  mechanism  consists  in  inhibition  of  the 
constrictor  mechanism.     Another  theory  bases  the  mecJi- 


ANATOMY 


118 


anlam  of  this  dilatation  upon  vascular  changes  in  the 
iris.  But  all  the  vaeo-motors  for  the  iria  run  in  the  cer- 
vical sympathetic,  and  Langley  and  Anderson**  have 
shown  that  vaeo-motor  changes  whilst  they  may  affect  the 
pupil f  do  not  do  so  to  such  an  extent  as  to  make  them 
independent  factors  to  any  important  degree. 

It  may  be  remarked  that  Onuf  and  Collins,'"'^  Fran^oia- 
Franck  and  others  believe  that  all  the  mydriatic  paths 
are  not  confined  to  the  cervical  spnpathetic. 

Ferrier  ^  obtained  pupil  constriction  from  the  anterior 
and  posterior  limbs  of  the  angular  gyrus  in  the  monkey, 
and  from  the  third  external  or  coronal  convolution  in 
dogs.  Parsons*^  failed  to  confirm  these  observations, 
but  Franijois-Franck  and  Pitres  ^  saw  transitory  con- 
striction from  stimulation  of  the  former  area. 

In  pigeons  Ferrier  observed  intense  pupil  constriction 
on  irritation  of  the  middle  of  the  convexity  of  the  hemi^ 
sphere.  Schafer  ^^  got  marked  constriction  from  etimula* 
tion  of  the  quadrate  lobule,  whilst  in  monkeys  Ferrier 
also  got  fairly  constant  homolateral  pupil  constriction 
from  irritation  of  certtiin  areas  of  the  cerebellum. 

Parsons  concluded  that  the  phenomena  of  pupil  dilata- 
tion and  contraction  from  irritation  of  the  cerebral  cortex 
are  mere  associations,  since  they  do  not  occur  in  the 
absence  of  ocular  movements.  The  movements  obtained 
from  the  sensory  areas,  e.g.^  from  the  visual  centres  in 
the  occipital  cortex  are  due  to  ill-defined  visual  sensations 
leading  to  appropriate  movement  of  the  head  and  eyes. 
The  mere  fact  of  association  with  ocular  movements  tends 
to  show  that  movements  of  the  iria,  like  other  ocular 
movements  ^  have  higher  representation  than  that  of  merely 
spinal  or  analogous  motor  nuclei. 


CHAPTER  Vin 

FURTHER  ANATOMICAL  AND  PHYSIOLOGICAL 
CONSIDERATIONS 


Before  approaching  the  Btudy  of  the  fiemicircalai 
canals  it  i8  prrjper  to  note  further  a  few  fundamental  facts 
concerning  the  anatomical  and  physiological  relations  of 
the  cerelM'llum  with  other  stmctures. 

The  following  may  be  accepted: 

1,  The  cerf^bellar  hemisphere  is  in  close  anatomical 
and  phvBioJogical  relation  with  the  cerebral  hemisphere 
and  inferior  olivary  body  of  the  opposite  side.  In  Fer- 
rier^B  '^'^  ciiHe  marked  atrophy  of  the  cerebellar  hemisphere 
was  found  in  a  criminal  lunatic  with  atrophy  of  the 
contra- lat^ind  corebm!  hemisphere,  Starr  haa  a  similar 
spec i rnon  f  rum  a  weak-minded  child  who  had  always  been 
irregular  in  gait  and  balanced  with  difficulty.  The  child 
died  wlion  three  years  old  from  raeaslea.  There  was 
found  alrivwt  complete  absence  of  the  cerebellum  on  one 
flido  witJi  marked  atrophy  of  the  fibres  of  the  pone  and 
inferior  rtlivo  of  the  opposite  side.  Gudden  •*  found  on 
extir])!iiion  of  one-half  of  the  cerebellum  ensuing  atrophy 
of  the  opposite  olive.  Many  instances  of  cerebellar  defect 
have  betm  diBcovered  at  autopsy  in  individuals  who,  in 
life,  wore  roufiidered  to  be  fairly  normal. 

2.  Each  half  of  the  cerebellum  controls  for  the  most 
part  the  movements  of  muscles  on  the  same  side  of  the 
body. 

Ferrier*s^  experiments  showed  that  stimulation  of  one 
side  of  the  cerebellum  was  always  accompanied  by  move- 
ment of  the  mugcles  on  the  side  stimulated,  and  by 
certain  chamcteristic  movements  of  the  eyes.  This 
proposition  seems  a  corollary  of  the  first,  Each  cerebral 
hemisphere  controls  the  musclea  of  the  opposite  side  of 
the  body,  and  at  the  same  time  is  in  intimate  relation 
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with  the  cerebellar  hemisphere  of  the  opposite  side. 
Further  developments  will  show  that  this  relationship  is 
the  one  best  calculated  to  aid  the  hinction  of  eqiiilibra- 
tion. 

8.  The  cerebellum  acta  wholly  in  a  reflex  manner,  i.e., 
beneath  the  level  of  consciousness.  This  is  generally  ad- 
mitted by  investigators.  Hence  afferent  tuid  efierent 
paths  are  required.  The  afferent  paths  place  the  cerebel- 
lum in  relation  with  the  specialized  sensory  organs  of 
equilibration,  the  chief  of  which  are  the  semicircular 
canals,  the  eyes,  and  those  structures  in  which  kintesthetic 
impidses  originate,  viz.,  the  skin,  muscles,  ttindons, 
articular  surfaces,  etc.  The  cerebrum,  hon'cver,  liesides 
being  capable  uf  exerting  control  over  the  muscles  in- 
volved in  equilibration  imd  in  ocular  movements  has,  in 
man,  to  Ix^  reckoned  as  an  important  source  of  aflferent 
trebellar  impressions  in  acts  of  equilibration.  The 
►henoraenii  of  c^jnjugate  deviation  observed  by  Schafer 
id  Mott,'^  and  by  Risien-Russell*^  on  stimulation  and 
ablation  of  the  ocular  contrts  in  the  frontal  lobe  and  the 
similar  phenomena  that  sou}etimes  accompany  cerebral 
hemorrhage,  closely  reseml)le  thuse  ol)ser\-cd  on  stimula- 
tion (Ferrier^),  or  ablatiun  (Luciani^^),  of  parts  of  the 
^relwllam  or  section  of  the  cerebellar  peduncles,  or  of 
16  auditory  ners^e.  These  phenomena  are  best  explained 
by  assuming  the  existence  of  cerebral  and  cerebellar  tonus 
jbalanced  mechanisms,  working  in  harmony  and  in  a  rellex 
lanner,  the  cen^bral  motor  mechanisms  of  one  side  acting 
hannony  with  the  corresponding  mechanisms  of  the 
^l>lK)8ite  half  of  the  cerebellum. 

In  addition  to  the  direct  tonus  influence  which  the 
>rebral  centres  exert  upon  the  ocular  and  other  muscles 
tTwould  seem  that  the  cerebrmn  is  an  important  source  of 
ferent  cerebellar  impressions  whereby  it  influences  tho 
iions  of  the  cerebellar  mechanisms  upon  the  ocular  and 
iher  muscles. 

In  other  words,  afferent  cerp!>ellar  paths  conduct  im- 

lulses  from  the  various  {lartji  of  the  cerebral  cortex  to  the 

Tebellum.     Such  cerebro-cerebellar  paths  are  somewhat 

alogous  to   those  from  the   semicircular   canals j    and 

>ra   the  peripheral   kinesthetic  end  organs.     The  im- 

Ises  conveyed  by  them  act  probably  after  the  manner  of 
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those  conveyed  by  the  vestibular  or  kincestbetic  paths  in 
influencing  cerebellar  action. 

In  a  large  cen-bral  hemorrhage  confined  to  one  hemi- 
sphere not  only  is  the  indf^ppndt*nt  action  of  the  eerebnil 
centres  for  the  bead  and  eyea  siis]>ended,  but  the  cerebral 
influence  exerted  through  the  cerebro-cereliellar  paths  h 
in  abeyance.  The  consequent  conjugate  deviation  results 
from  removal  of  the  direct  cerebral  tonus,  as  well  as  of 
the  aeswiated,  indlrectj  cerebro-cercbollar  tonus  on  one 
side  of  the  body,  leaving  the  opposing  mechanisms  of 
the  opix>8ite  side  in  free  and  unopptjsed  control.  The 
phenomenii  following  section  of  the  superior  and  middle 
peduncles  of  the  cerebellum  seem  to  afford  grounds  for 
this  assumption.  It  may,  therefore,  be  concluded  that 
the  cerebrum  besides  exerting  tonic  influence  directly  on 
muscle,  can  also  affect  muscle  tone  indirectly  through  the 
medium  of  the  cerebellum.  The  anatomical  rtilations 
strongly  corroborate  this  view.  The  fact  that  removal  of 
the  cerebral  hemispheres  of  the  frog  does  not  disturb  the 
functions  of  equilibration  to  any  extent,  does  not  contra- 
vene this  view  because  ihe  hemispheres  are  relatively 
unimportant  structures  in  the  frog,  as  compared  with 
man,  and  bilateral  lesions  tend  to  counterbalance  each 
other,  leiiving  the  remaining  elements  of  the  balanced 
mechanisms  to  control  acts  "of  equilibration.  The  turn- 
ing of  the  eyes  to  the  aide  of  the  lesion  in  cerebral  ap> 
plexy  accords  with  Ferrier^a*  experiments,  in  which 
stimulation  of  the  cerel>eilum  on  one  side  was  invariably 
followed  by  turning  of  the  eyes  toward  that  side.  These 
matters  shall  receive  further  discussion  in  a  later  chapter. 

The  cereteUum  by  means  of  its  afferent  and  efferent 
peripheral  relations  constantly  holds  the  muscles  involved 
in  equilibration  in  a  state  of  tone  ever  ready  to  respond 
to  impulses  originating  from  change  of  position  (Ewald) 
or  other  stimulus.  This  tcmic  influence  is  bilateral,  eacn 
half  of  the  cerebellum  controlling  in  the  main  the  muscles 
on  the  homolateral  side.  Thus  delicate  cerebellar  mech- 
anisms are  constantly  active  in  the  reflex  maintenance  of 
equilibrium.  Sometimes  these  mechanisms  work  unaided 
and  at  other  times  in  conjunction  with  the  higher  volun- 
tary motor  centres.  Serious  interference  with  the  affer- 
ent, efforentj  or   central   elements  of   the  reflex  arcs  of 
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leae  mechanisms  resulte  in  disturbanceB  of  equilibrium, 
incoordimited  action  of  the  muficles  of  dynamic  equilib- 
rium and  other  phenomena.  Such  distil rbances,  if  of 
mild  degree,  may  be  corrected  by  volimtaiy  effort,  but 
thia  latter  ia  always  awkward^  very  exhausting,  and 
requires  the  constant  attention  of  the  individual,  which  is 
the  opposite  of  what  occurs  in  normal  equilibration. 
Compare  the  results  observed  by  Weir-Mitchell®'  in 
pigeons  after  injury  to  the  cerebellum 

4,  The   peripheral   end  organs  of   the  vestibule  and 
.semicircular  canals  are  mainly  in  crossed  relation  with 
le  cerelx»llum  through  the  vestibular  nerve,     v.  Bech- 
terew   maintains   the  contradictory  of   this  proposition. 
The  succeeding  chapters,  as  well  as  careful  study  of  the 
fibre-paths^  will  reveal  this  crossed  relationship.     Ferrier* 
has   8hoT\Ti   that  the  cochlear   apparatus  is  in   relation 
mainly  with  the  temporosphenoidal  lobe  of  the  opposite 
side.     He  found  on  etiraiilation  of  the  auditxjiy  area  in 
monkeys,  cats,  dogs  and  jackals,  pricking  of  the  oppo- 
site  ear,   wide  opening   of  the   eyes,    dilatation  of   the 
pupils,  and  turning  of  the  head  and  eye  to  the  opposite 
^$ide,  thus  indicating  the  direction  of  the  source  of  the 
^fcmagined  sound.     These  experiments  were  repeated  many 
^■imes,  and  on  both  sides  of  the  brain. 
^F    Before  proceeding  further,  it  ia  prop<?r  to  call  attention 
^Ho  such  terms  as  '^rolling  on  the  long  axis  to  the  side  of 
^^peration"  in  animals,  and  to  contrast  it  with  "revolving 
to  the  right  or  left,  or  to  the  side  of  the  lesion,  on  the 
long  axis*'  in  man.     Owing  to  the  difference  in  posture 
normally   assumed    by   man   and  the  quadrupeds,  these 
[pressions  have  altogether  a  different  meaning.     In  the 
!e  of  a  dog  ''rolling  on  the  long  axis  toward  the  side  of 
ifration,''  means  that  the  direction  of  the  motion  would 
represented  by  a  bent  arrow  passing  transversely  over 
the  dorsal  asjject  of  the  animal,  whilst  in  the  case  of  man 
the  direction  would  be  indicated  by  a  bent  arrow  passing 
tmueversely  across  the  ventral  aspect  of  the  body.     The 
>tations  in  the  two  instances,  though  in  the  same  direc- 
lon,  would  be,  according  to  current  forma  of  expression, 
>lut'ely  in  opposite  directions.     A  similar  difficulty  is 
^countered  in  describing  movements  of  the  eyeballs  oc- 
'curring  in  nystagmus  and  ocular  deviations.     Thus,  it  is 


118 


SEMTCTBCULAB  CANALS 


Baiid,  that  the  eyeballs  rotate  inward  or  outward,  or  from 
left  to  right  on  the  horizontal  antero-posterior  axle. 
8uch  statements  afford  opportunity  for  misinterpretation. 
Thus  if  the  upper  part  of  the  visible  portion  of  the  eye- 
balk  be  held  in  mind  as  the  point  of  observation,  the 
direction  will  be  indicated  by  an  arrow  pointing  one  way, 
whilst  if  the  lower  portion  of  the  eyeball  be  taken  as  the 
point  of  observation,  the  direction  will  be  indicated  by 
an  arrow  pointing  in  the  opposite  direction.  Hence  it 
eeema  better  to  drop  the  terma  rotating  inward  and  out- 
ward, and  substitute  for  them  rotation  in  the  direction  of 
the  hands  of  a  watch  or  the  reverse,  tlie  watch  in  every 
instance  Ijeing  considered  as  held  facing  the  observer, 
and  in  a  plane  parallel  to  tlie  vertical  transverse  mesial 
(coronal)  plane  oi  the  subject's  body.  Similarly  in  rota- 
tions with  the  subject  in  the  recumbent  posture  the  watch 
is  considered  as  placfd  on  the  subject's  breast  with  the 
dial  looking  toward  the  obser\'er,  and  parallel  to  the 
coronal  plane  of  the  subject's  body.  The  direction  of 
cefTtain  forms  of  rotation  can  then  he  designated  as  with 
or  against  the  hands  of  the  watch,  whilst  the  nystagmus, 
ocular  deviations  and  subjective  sensations  of  movement 
may  be  recordc^l  in  similar  terms. 

The  simple  reflex  arc  comprises,  according  to  Sher- 
rington, (1)  a  peripheral  receptive  portion  (receptor), 
(2)  a  peripheral  motor  portion  (effector),  and  (3)  a  con- 
ducting part  which  consists  of  the  afferent  and  efferent 
neurones.  "At  the  commencement  of  every  reflex  arc  the 
receptive  neurone  is  the  sole  avenue  for  impulses  generated 
at  its  receptive  point.  The  path  is  therefore  exclusive, 
and  other  receptive  points  cannct  employ  it.  A  single 
receptive  point  may  play  reflexly  on  a  number  of  differ* 
ent  effector  organs,  e.  g. ,  on  many  muscles  and  glands  in 
different  regions,  yet  all  its  reflex  arcs  spring  from  one 
single  shank,  i.e.,  from  one  afferent  neurone  which  con- 
ducts from  the  receptive  point  at  the  periphery  into  the 
central  nervous  organ.  At  the  end  of  every  reflex  arc  is 
the  motor  neurone,  the  Jast  conductive  link  to  an  effector 
organ.  This  receives  impulses  from  many  receptive 
sources  in  various  regions  of  the  body.  It  is  the  sole  path 
by  which  all  impulses,  no  matter  whence  they  come,  reach 
the  muscle  fibres.     The  receptor  neurone  forms  a  private 
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path  exclusively,  serving  impulses  of  one  source  only. 
The  effector  neurone  is  a  public  or  common  path  for 
impulses  arising  at  many  sources  of  reception.  A  receptive 
field,  e.g.,  an  area  of  skin  is  analyzahle  into  receptive 
points.  An  effector  organ  stands  in  reflex  connection  not 
only  with  many  individual  receptive  points,  but  with 
many  receptive  fields.  Impulses  generated  in  manifold 
sense  organs  can  pour  their  influence  into  one  and  the 
same  muscle.  Therefore^  in  reflex  arcs  the  initial  neurone 
of  each  is  a  private  path,  exclusive  for  a  receptor  point  or 
group  of  points^  and  finally  the  arcs  embouch  into  a  path 
leading  to  an  effector  organ,  and  their  final  common  path 
is  common  to  all  receptive  points  wheresoever  they  may 
lie  in  the  body,  so  long  as  they  have  connection  with  the 
effector  organ  in  question, 

**But  arcs  converge  to  some  degree  before  finally  con- 
verging upon  the  motor  neurone.  Their  private  paths 
embouch  upon  internuncial  paths  common  in  various 
degree  to  groups  of  private  paths.  The  terminal  path  is 
the  final  common  path  to  distinguish  it  from  internuncial 
common  paths.  The  motor  nerve  to  muscle  is  a  collection 
of  (parts  of)  final  common  paths.  Internuncial  paths 
conduct  and  converge  to  final  paths  or  to  further  inter- 
nimcial  paths.  In  the  scratch  reflex  the  long  descending 
proprio-spinal  neurone  ia  connected  with  a  whole  group 
of  afferent  neurones — private  paths  from  the  scalptor  re- 
ceptors in  the  skin  field  of  the  scratch  reflex.  Again,  in 
the  retina  and  olfactory  bulb,  Cajal  and  others  have  shown 
that  the  conducting  fibres  of  whole  groups  of  receptors 
impinge  upon  individual  neurones  of  the  next  rela}'-.  The 
thalamic  neurones  form  a  path  upon  which  the  dorsal  col- 
umns, fillet,  and  spino-cerebellar  peduncular  paths  con- 
verge. Therefore,  each  internuncial  path  is,  to  some 
extent,  a  common  path,  just  as  the  receptive  neurone  is 
common  to  a  small  number  of  receptors.  The  ultimate 
path,  therefore,  differs  from  the  internuncial  path  only 
in  that  it  exhibits  communism  in  the  highest  degree' ' 
(Sherrington) , 

Because  e.ach  instance  of  convergence  of  two  or  more 
^afferent  neurones  upon  a  third  which,  in  regard  to  them 
efferent,  affords,  as  shown,  an  opportunity  for  coalition 
pr  interference  of  their  action,  each  structure  at  which  it 


120 


SEMICmCULAR  CANALS 


occurs  is  a  mechanism  for  coordination  (Sherrington**). 
In  simple  reflexes  using  only  one  muscle  it  may  be  ac- 
cepted that  the  motor  neurone  is  the  final  common  path. 
In  complex  co-ordinated  reflexes  involving  the  simulta- 
neous action  of  several  muscles,  e.g.,  the  reflex  acts  of 
equilibriition,  mediated  by  cerebellar  neurones,  the  spinal 
motor  neurones  cannot  be  the  final  common  path  which 
in  this  instance  must  of  necessity  consist  of  e&erent  cere- 
bellar neurones,  using,  however,  various  spinal  motor 
neurones  to  manifest  its  influence  upon  the  eSector  organs 
brought  into  play. 

The  receptor  organs  are  divided  (Sherrington)  into 
three  groups,  as  follows: 

L  The  exteroceptive  field  endowed  Tvith  numerous 
receptive  organs  adapted  to  mechanical  contact — cold, 
warmth,  ligbt,  sound,  injury  (noxa)  ;  in  fact,  every  mode 
of  stimulation  whereby  the  environment  can  affect  the  ex- 
ternal surface  of  the  Ixidy. 

2.  The  proprio-receptive  field  with  specific  receptor 
organs  adapted  to  modes  of  etimidation  obtaining  in  the 
muscles,  tendons,  joints,  walls  of  the  blood-vessels,  etc, 

8.  The  interoceptive  field,  co-extensive  with  the  inter- 
nal surface  of  the  body  (alimentiiry  canal,  etc.),  and  fur- 
nished scantily  with  recept<:jr  organs  as  com^^ared  with  the 
extenDceptive  field,  though  these  are  peculiarly  adapted  to 
chemical  agencies. 

Receptors  that  respond  to  stimuli  originating  from  im 
object  at  a  distance  from  the  body  are  known  as  projicient 
or  distance  receptors,  e.g.,  those  of  vision,  hearing,  and 
smell.  Such  receptors  tend  to  have  a  large  cortical 
representation  and  to  control  the  skeletal  musculature  as 
a  whole. 

Receptors  that  respond  to  the  action  of  noxious  agents 
which  threaten  immediate  harm  to  the  ekin  are  known  as 
nociceptors.  Furthermore,  the  reflex  which  these  receptors 
excite  is  i>repotjent,  protects  by  escape  or  defence,  is  im- 
perative and  is  accompanied  by  pain. 

There  is  no  such  thing  as  a  purely  simple  reflex,  be- 
cause the  ner\'ou8  system  is  never  at  rest,  and  no  part,  of 
it  is  disconnected  from  the  rest.  Reflexes  are  more  easily 
elicited  from  the  skin  (receptor  organs)  than  from  the 
afferent  nerve  trunk,  and  some  are  only  elicited  from  a 
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particular  surface  by  particular  stimuli.  One  reflex  may 
combine  harmoniously  with  another,  bo  that  their  reac- 
tions mutually  reinforce  each  other.  Such  reflexes  are 
allied  and  their  neural  arcs  are  called  allied  arcs.  On 
the  other  hand,  some  reflexes  are  incompatible  and 
antagonistic,  i.e.,  one  inhibits  the  other  or  a  whole  group 
of  others.  The  reflex  or  group  that  inhibits  its  oppo- 
nents is  called  prepotent  for  the  time  being.  Nocicep- 
tive reflexes  override  (inhibit)  all  others  and  are  there- 
fore prepotent.  The  type  reflex,  e.g.,  the  scratch  reflex, 
etc* ,  results  from  the  harmonious  relation  between  allied 
reflexes  and  allied  arcs.  In  a  type  reflex  the  whole  motor 
centre  potentially  belongs  to  all  and  each  of  the  groups  of 
receptive  organs  proper  to  the  reflex.  The  elements  of 
the  centre  of  the  type  reflex  are  combined  and  incapable 
of  isolated  excitation. 

In  the  decerberat©  dog  a  reflex  that  is  accompanied  by 
certain  mimetic  movements  simulating  certain  affective 
states,  e.g.,  anger,  pain,  etc.,  ia  called  a  pseudo-affective 
reflex.  Pain  is  the  psychic  adjunct  of  a  protective  reflex. 
The  reflex  ia  always  purposive. 

A  receptive  field  frequently  contains  receptors  of  two 
different  species,  e.g.,  tangoceptive  and  nociceptive  which 
may  not  both  of  them  initiate  reflexes  belonging  to  the 
game  type,  i.e.,  related  between  themaelvee  as  allied 
reflexes.  On  simultaneous  stimulation  of  these  two 
kinds  of  receptors  the  nociceptive  suppresses  the  tango- 
ceptive reflex.     This  is  known  as  reflex  complication. 

*'The  compounding  of  reflexes  is  a  main  problem  in 
co-ordination.  Hence  the  common  path  is  a  feature" 
(Sherrington*"). 

*'In  the  scratch  reflex  there  is  an  end  effect  of  posi- 
tive sign  followed  by  an  inhibitory  phase  which  is  an  end 
effect  of  negative  sign.  This  succesaion  in  the  reflex  is 
repeated  many  times,  the  stimulus  being  continued.  The 
scratch  reflex  is  therefore  of  double  sign,  i.e.,  it  develops 
first  an  excitatory  and  then  an  inhibitory  end  effect. 

*^In  the  flexion  reflex  of  the  hind  limb  of  a  spinal  dog 
or  cat,  the  end  effect  is  expressed  by  two  groups  of  muscles 
whose  contractions  act  in  opposed  direction  at  the  same 
joints.  This  opposition  is  obviated  at  the  end  of  the 
I^flex  by  the  end  effect  having  the  form  of  excitatory 


^M^  tli  regards  the  motor  nerve  to  the  flexor  muflclee,  but 
yytfpywion  or  withholding  of  excitatory  state  (central 
jWfcM^ititin)  as  regarda  the  motor  neurones  of  the  extensor, 
ffeii  is  a  reflex  of  double  Bign,  whilst  the  scratch  and 
vjfvlid    reflexes   are  of   euccessive   double   sign*'    (Sher- 

ton«»). 

Although  the  intimate  nature '  of  inhibition  is  but 
•it tie  underat<»(Ml  it  hm  bwn  clearly  demonstrated  by 
^i'trington*^"'  that,  iuliibition  is  an  active  process  and  an 
Vttweiitial  part  nf  the  retlox.  By  means  of  inhibition  the 
i^^otor  neuront«8  an'  precluded  from  the  arc  of  one  reflex 
whikt  left  o|xm  to  an<ither.  In  any  type  reflex,  inhibi- 
tuni  of  ct^rtain  nju«cle.s  appears  as  the  negative  aspect  of 
pMMitive  ex<*i(aliiin  hi  other  muscles.  This  phenomenon 
wbir.h  seems  to  hi*  an  essential  part  of  every  reflex  move- 
ni(*ut  constitutive  whrtt  is  known  as  reciprocal  inner\'ation. 
The  seat  ui  inhibiiitm  st^^ms  to  be,  not  in  the  afferent 
'if  efferent  neimnie,  but  in  an  internunoia!  mechanism 
hntween  th<'m,  vis,,  the  ultimate  synapse.  The  objection 
made  to  the  a[>inal  motor  neurone  as  constituting  the 
html  c(*mmon  jiath  for  cHimplex  co-ordinated  reflexes  o* 
oquilibrium  s^'inns  to  indicate  that  in  these  and  simiJar 
reflexes  the  stv^t  of  inhibition  is  not  placed  at,  or  near  the 
c:ommencement  of  the  spinal-motor  neurone,  but  higher 
up,  viz, ,  at  the  iMnimencement  of  the  cerebellar  or  other 
neurone  whlcti,  in  this  instauoe^  is  the  commencement  of 
the  final  comu^ou  i%ath.  Tonic  reflexes  of  posture  are  the 
most  readily  inliibited. 

From  the  fon^goiug  it  is  apparent  that  the  most  inti- 
mate functioniil  relations  obtain  between  the  various  parts 
of  the  nervous  system,  lu  the  preceding  chapters  an  at- 
tempt was  made'  to  tmc*  anatomically  these  connections, 
the  study  of  which*  may  heJp  toward  an  imderstanding 
of  the  pliysiological  relations,  though  it  must  be  under- 
stood that  the  tmct^s  tra-ced  only  cnidely  and  indefinitely^ 
v^rosent  the  actual  paths  employed  in  the  various  activi- 
ties of  nervous  s>>it*m.  Thus,  whilst  it  is  not  possible 
to  tzaoe  the  minute  anatomical  connections  it  seems  that 
eveiy  final  motor  neurone,  or,  at  leasts  every  common 
patli  is,  to  some  extent^  in  relation  with  the  receptive 
are«8  of  all  parts  of  the  body  through  afferent  arcs  of 
greater  or  less  resisteuioe. 
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PART  II 

PHYSIOLOGY  OF  THE  SEMICmCULAR 
CANALS 


CHAPTER  IX 

PHYSIOLOGY  OP  THE  SEMICIRCULAR  CANALS  FROM 
THE  STANDPOINT  OF  ANIMAL  EXPERIMENTATION 


So  much  investigation  has  been  devoted  to  the  study  of 
the  semicireular  canals  that  it  would  take  more  space  than 
present  circumstances  permit  to  give  even  a  cursory  review 
of  the  work  done.  A8  early  as  1693  Bannister,  an  English- 
man whose  researehes  were  perhaps  the  first  experimental 
effort  in  this  dirfction,  observetl  the  role  of  halancers  in 
certain  kinds  of  flies,  and  noted  disturbances  of  equilibrium 
after  their  removal.  Since  Bannister's  time  the  literature 
of  the  semicircular  canals  teems  with  names  familiar  to 
every  student  of  medicine.  Only  a  few  can  be  mentioned, 
such  as  Scarpa,  Darwin,  Jackson,  Floivrens,  Goltz,  De  Cyon, 
Hogyes,  Ilitzig,  Spamer,  Brown-Sequard,  Lucae,  v,  Beeh- 
terew,  Vulpian,  Baginsky,  Brcuer,  Maeh,  Crum-Brown, 
Laborde,  Koenig,  Lee,  Sewall,  James,  Kreidl,  Loeb,  Biehl, 
Dreyfus,  Schwartze,  Wanner,  Ewald,  von  Stein,  DelagCj 
Engelmann,  Koryani,  Steiner,  Bruck,  Bardny,  Neumann 
and  hosts  of  others. 

Flourens  was  the  first  to  point  out  the  intimate  relation- 
ship between  the  semicircular  canals  and  the  function  of 
equilibration.  He  showed  that  injury  of  the  membranous 
canals  was  followed  by  disturbances  of  equilibrium — vary- 
ing with  the  seat  of  the  lesion,  De  Cyon,  Golta  and  others 
confirmed  Flourens's  observations. 

Flourens  ***  and  De  Cyon,^^  experimenting  on  the  semi- 
circular canals  of  pigeons,  obtained  the  following  results; 

Division  of  the  horizontal  canal  on  one  side  caused  a 
series  of  oscillations  of  the  head  in  the  horizontal  plane  on 
a  vertical  axis.  These  cease  in  a  short  time,  but  on  section 
of  the  corresjiondiug  canal  on  the  other  side  they  reappear 
with  greater  intensity.    The  bird  cannot  now  maintain  its. 
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equilibrium,  but  falls  or  turns  on  a  vertical  axis  or  circles 
round  and  round.  After  eight  to  ten  days  the  bird  recovers 
and  seems  normal  but  for  a  certain  awkwardness  seen  espe- 
cially in  flight. 

Division  of  the  posterior  vertical  canals  causes  similar 
but  more  violent  disturbances  of  equilibrium.  The  niove- 
ments  of  the  head  are  in  a  vertical  plane  on  a  horizontal 
axis.  The  pigeon  somersaults  head  over  heels.  The  dis- 
tnrbances  subside  in  fourteen  days,  but  a  certain  brusquerie 
of  movement  remains,  with  an  almost  complete  inability 
to  fly. 

Division  of  the  superior  vertical  canals  causes  move- 
ments of  the  heiid  from  behind  forward  and  from  right  to 
left,  or  vice  versa,  with  profound  disturbances  of  equi- 
librium. The  bird  constantly  tends  to  somersault  heels  over 
head.  The  plane  of  the  movements  of  the  head  is  diagonally 
around  a  horizontal  axis.  The  movements  on  section  of 
the  canals  seem  therefore  to  take  place  in  the  plane  of  the 
canals  operated  on. 

In  rabbits,  section  of  the  canals  gave  results  similar  to 
those  obtained  in  pigeons,  but  more  enduring  and  the  oscilla- 
tions affected  the  eyeballs  more  than  the  liead  and  trunk 
(De  Cyon  ^'^).  Section  of  one  horizontal  canal  caused  ten- 
dency to  movements  of  mau^ge  (circus  movements).  Sec- 
tion of  one  vertical  canal  caused  the  animal  to  turn  on  the 
longitudinal  axis.  There  w^as  deviation  of  the  eyeballs 
and  nystagmus,  the  plane  of  the  oscillations  var^'ing  with 
the  canal  injured,  but  the  oscillations  of  the  eyeballs  were 
more  or  less  independent  of  the  movements  of  the  head. 

In  frogs,  section  of  the  horizontal  canals  caused  the  head 
to  turn  on  the  long  axis  of  the  body,  the  animal  falling  to 
one  side  or  leaping.  Section  of  the  posterior  vertical  canals 
caused  the  animal  to  fall  on  its  back.  Section  of  the  other 
vertical  canals  caused  complete  somersaults  and  the  utmost 
disorder  of  movement. 

On  section  of  the  superior  vertical  canals  the  frog  swims 
in  an  upright  position,  pivoting  round  and  round.  Re- 
covery may  follow  destruction  of  all  the  canals  on  one  side. 
At  first  there  is  a  tendency  to  fall  to  the  injured  side,  and 
the  leg  of  this  side  gives  way  as  if  broken.  In  many  animals 
the  head  assumes  an  unnatural  position,  e.g.,  in  pigeons  the 
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occiput  going  to  the  side  of  injury  and  the  beak  to  the 
opposite  side. 

After  destruction  of  the  canals  on  both  sides  equilibra- 
tion is  extremely  affected.  Pigeonsi  after  a  time  learn  to 
walk*  but  the  disturbances  of  equilibration  recur  if  a  hood 
be  thrown  over  the  eves.  After  fiome  months  the  birds  begin 
to  look  normal,  but  they  cannot  fly,  and  when  suddenly 
startled  their  confusion  of  movement  returns  and  they 
tumble  about  helplessly.  Animals  with  their  semicircular 
canals  destroyed  eon  hear  (Flourcns),  while  those  in  which 
the  cochlea  alone  has  been  destroyed  eaiinot  hear  but  can 
equilibrate.  This  accords  with  what  is  now  kno^ni  and 
accepted,  viz.,  the  complete  anatomical  and  physiological 
distinction  between  the  vestibular  and  auditory  libres  and 
nuclei  of  reception  of  the  eighth  nerve. 

Section  of  the  auditory  nerve  in  frogs  gave  results  simi- 
lar to  those  obtained  on  section  of  the  semicircular  canala 
(Goltz**^).  SimUar  effects  were  obi^erved  in  dogs  by  v. 
Bochtercw  ®^  on  section  of  the  eighth  nerve,  and  in  sheep 
and  horses  by  Biehl.^"  The  animals  rolled  round  toward  the 
side  of  operation  and  showed  a  skew  deviation  of  the  eyes, 
that  on  the  side  of  operation  looking  downward  and  out- 
ward, whilst  that  on  tlie  other  side  looked  upward  and  in- 
ward. The  oscillations  of  the  eyes  were  in  the  direction 
opposite  to  that  of  the  deviation.  Rolling  movements  were 
most  marked  in  the  first  few  days,  being  almost  incessant. 
Wlien  not  rolling  on  its  axis  (longitudinal)  the  animal  liea 
nn  the  side  of  section  with  this  side  of  the  head  downward. 
The  legs  on  the  side  of  section  are  doubled  up  close  to  the 
trunk,  but  liaccid,  whilst  those  of  the  opposite  side  are 
rigidly  extended  outward.  If  the  animal  is  placed  in  any 
other  position  than  on  its  side,  al!  the  stii^ness  of  the  limbs 
ceases  to  be  manifest  (v.  Bechterew  ®^). 

The  disturbances  of  equilibration  gradually  become  less 
pronounced,  but  for  many  weeks  the  animal  is  unsteady. 
This  unsteadiness  is  greatly  increased  by  covering  the  eyes. 
A  loud  sound  often  causes  the  animal  to  fall  on  the  side 
of  section  or  to  roll  round  once  or  twice.  When  both  audi- 
tory  nerves  are  cut  the  animal  can  neither  stand  nor  walk. 
There  is  no  paralysis  of  the  limbs,  but  all  movements  of 
them  are  irregular  and  purposeless.     The  head  and  eyes 
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oscillate,  but  the  eyes  oscillate  in  a  horizontal  plane  and 
there  is  no  skew  deviation  as  when  one  nerve  is  divided. 

VariouB  theories  have  been  put  forward  to  explain  the 
modus  operandi  of  the  Bemicircular  eanal  apparatus.  Thus 
actual  currents  of  eudolvnipli  were  at  tirst  believed  to  bo 
the  adequate  stimulug  of  the  anipullary  nerve  endings 
(Goltz  ^^)  ;  then,  because  the  membranous  canals  are  of 
capillary  calibre  this  theory  was  displaced  by  that  of  partial 
pressures  (Mach,"^  Breucr ''^  and  Crum-Brown '^^)  of  the 
endolymph  in  a  certain  direction  that  is  to  or  from  the 
ampulla,  De  Cyon  '^*  differs  from  Crura-Brown,  Macb  and 
Breuer  and  considers  the  semicircular  canals  as  a  system  of 
physiological  coordinates  to  which  we  refer  all  our  notions 
of  space.  Breuer''^^  and  Ewald'^®  showed  that  determination 
of  an  endolymph  current  toward  the  ampulla  produced  devi- 
ations and  displacements  of  the  head  in  a  certain  direction, 
while  determination  of  an  endolymph  current  from  the 
ampulla  towerd  the  canal  produced  similar  displacements, 
but  in  the  opposite  direction.  The  existence  of  bilateral 
labyrinthine  tonus  mecbanisras  which,  in  the  erect  position, 
constantly  supply  the  muscles  involved  in  equilibration  with 
tonus  impulseSj  makes  the  hypothesis  of  partial  pressures 
exerted  through  the  endolymph  more  acceptable  without 
necessarily  implying  any  gross  actual  movement  of  the  fluid. 
Moreover,  the  delicacy  of  these  mechanisms  on  either  side 
of  the  body,  each  of  whicli  so  nicely  adjusts  itself  in  bal- 
ancing its  fellow  of  the  opposite  side  under  varying  con- 
ditions, impliej?  rapid  alterations  such  as  could  be  etTected 
by  means  of  pressure  rapidly  transmitted  through  compara- 
tively incompressible  liquids  rather  than  by  means  of  the 
clumsy,  slow  movements  of  the  liquid  itself.  It  is  not  prob- 
able that  in  rotations  the  pressure  exerted  through  the  en- 
dolymph in  one  direction  ivith  reference  to  the  ampulla 
upon  one  side  of  the  body  is  reinforced  by  a  pressure  ex- 
erted in  the  opposite  direction  in  the  corresponding  canal 
upon  the  other  side. 

This  phase  of  negative  stimulation  will  therefore  be 
omitted  in  the  discussions  that  follow. 

Tlie  otoliths,  which  in  mammifera  are  two,  and  in 
other  Ycrtebrates  three  on  either  sidcj  are,  according  to 
Breuer  ^^  the  peripheral  orgam  of  specific  sensations  of 
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position  and  of  movements  of  translation.  They  are  dis- 
posed in  two  planes  (three  in  animals  possessing  the 
lagena)  perpendicular  to  each  other,  the  physiological 
stimulus  being  the  gravitation. 

For  the  sake  of  simplicity  and  to  avoid  confusion,  little 
mention  of  these  organs  will  be  made  in  the  discussions 
that  follow,  though  undoubtedly  they  are  affected  in  vari- 
ous forms  of  rotations  and  movements  as  well  as  in 
prolonged  aural  irrigations  and  in  strong  galvanic  stim- 
ulation. 


CHAPTER  X 

THE  EFFECTS   OP   PASSIVE  EOTATION 

Passive  rotations  were  perforined  in  various  postures 
and  in  various  planes.  For  rotation  about  the  long  axis 
of  the  body,  the  subjeet  was  placed  in  an  arm-chair  sus- 
pended from  the  ceiling.  For  rotation  about  the.  other 
axes  of  the  body,  a  broad  board,  long  enough  to  permit  the 
subject  to  lift  in  any  position^  was  suspended  after  the 
manner  of  a  boatswain's  chair. 

Passive  rotation  in  general  caused  various  disturb- 
ances depending  upon  the  duration  (repetition)  and  rapid- 
ity of  the  rotation ;  upon  the  axis  of  the  body  about  which 
the  rotation  took  place;  but,  above  all,  upon  the  abrupt 
reversal,  retardation  or  acceleration  of  the  movement. 
Mild  rotations  repeated  a  few  times  caused  merely  a 
transitory  dizziness.  If  repeated  sufficiently  often  with 
reversals,  accelerations  and  retardations,  rotations  of  mild 
degree,  i.e.,  of  short  range  and  of  a  low  rate  of  speed,  grad- 
ually produced  profound  disturbances  in  the  organism. 

Rotations  more  severe  in  grade  caused  disturbances  of 
equilibrium  with  vertigo;  displacements  and  deviations  of 
the  eyes,  head  and  body;  disturbances  of  the  circulation 
and  respiration;  disturbances  of  the  digestive  apparatus 
with  increased  How  of  saliva,  nausea,  wretchedness  and 
vomiting;  and  finally,  disturbances  of  the  nervous  system 
varying  from  a  mild  degree  of  irritability  to  the  most  pro- 
found degree  of  general  physical  and  mental  prostration. 
The  position  of  the  body  during  rotation,  i.e.,  whether  it 
is  upright  or  horizontal,  is  an  importaot  factor  because  of 
the  effects  upon  the  circulation,  but,  chiefly  perhaps,  be- 
cause of  the  necessity  of  acts  of  equilibration  mediated  by 
the  otoliths  when  the  body  is  erect.  Thus  rotations  about 
the  loDg  asis  of  the  body  with  the  subject  sitting  upright 
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were  very  effective  in  causing  sickncRS  and  distress  and 
circulatory,  disturbances,  whilst  with  tiie  subject  lying  hori- 
zontally, rotations  in  the  stigittal  and  coronal  planes 
caused  lighter  and  more  transient  phenomena.  It  was 
notable,  however,  that  rotation  in  the  sagittal  plane  back- 
ward, i.e,j  occiput  first,  caused  much  more  disturbance 
than  rotation  in  the  same  plane  forward,  i.e.,  face  lirst. 

For  convenience,  all  rotations  are  to  be  considered  as 
about  the  long  axis  of  the  body,  with  the  subject  sitting 
upright  in  an  arm-chair  unless  otherwise  specified. 

In  general,  the  effect  of  mild  rotation  upon  the  cir- 
culation is  a  rise  in  blood-pressure  dependent  on  contrac- 
tion of  the  blood-vessels.  (See  protocols  1-17  at  the  end 
of  this  chapter.)  Frequently  the  rise  is  preceded  by  a  pre- 
liminary fall  in  blood-pres8ure.  If  mild  rotations  be  con- 
tinued at  frequent  intervals,  the  rise  in  blood-pressure  may 
occasionally  be  absent,  owing  to  fatigue,  but  on  resting, 
and  at  times  even  witliout  resting,  it  will  manifest  itself 
fioon  again.  After  repeated  mild  rotations,  a  close  study 
of  the  circulation  reveals  the  fact,  not  fairly  represented 
in  the  protoeols,  that  the  blood-vessels  are  constantly  con- 
tracting and  dilating.  In  severe  rotations,  the  radial  artery 
becomes  at  times  so  small  and  empty  as  to  he  impalpable. 
Under  such  circumstances,  of  course,  the  blood-pressure  by 
clinical  methods  would  be  nil.  During  such  periods  of 
radial  pulselessness,  the  ear,  or  stethoscope,  placed  over  the 
heart  found  the  latter  heating,  with  the  sounds  feeble,  the 
second  Bound  being  relatively  accentuated,  (See  protocol 
13).  These  pulseless  periods  occurred  mainly  in  very  rapid 
rotations  during  the  actual  rotation,  and  frequently  just 
after  reversal  or  sudden  cessation.  They  lasted  for  a  mo- 
ment or  tno  when  the  pulse  gradually  returned.  At  the 
time  that  the  pulseless  periods  were  observed,  the  BW^ing 
used  consisted  of  a  boatswain's  chair.  There  was,  conse- 
quently, no  support  for  the  back,  so  that  the  subject'^  head 
tilted  backward  during  the  rotation.  In  later  trials  w^hen 
the  swing  used  (an  arm-chair)  had  a  support  for  the  sub- 
ject's back,  no  pulseless  periods  were  observed.  An  approach 
to  this  phenomenon  was  frequently  observed,  both  during 
and  after  rotations,  when  the  pulse,  at  one  moment  large 
and  with  low  blood-pressure,  would  almost  immediately 
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disappear  as  the  arteries  contracted  to  an  extreme  degree. 
(See  protocol  13.) 

After  long,  repeated,  mild  rotations,  or  after  severe 
rotations  with  reversals  or  retardations,  the  genera!  ten- 
dency is  toward  a  decline  in  blood-pressure,  with  general 
prostration  and  with  the  pulse-rate  in  general  stationary, 
or  somewhat  slowed.  Vomiting  restores  the  circulation  so 
regularly  in  rotation  sickness  that  it  may  be  regarded  as 
one  of  nature^s  defences  against  failing  medullary  circu- 
lation, rather  than  as  a  mere  act  intended  to  empty  the 
atomaeh,  though  in  doing  the  latter  it  unquestionably 
benefits  the  general  condition  materially.  At  times  the 
blood-pressure  and  pulse-rate  made  sharp  upward  excur- 
sions before  the  vomiting  actually  occurred,  and  before  the 
subject  was  aware  that  the  abdominal  muscles  had  become 
fixed  in  the  act.  This  fact,  not  generally  admitted  by 
physiologists  and  clinicians,  has  been  frequently  observed 
by  the  author  in  other  conditions.  The  increased  blood* 
pressure  seems  to  be  caused  by  the  same  agency  that  sets 
the  mecham'sm  of  nausea  and  vomiting  going,  and  is  not 
merely  the  result  of  muscular  contraction.  In  general,  the 
respiratory  rate  was  increased  during,  and  slowed  after, 
rotation.  Between  rotations,  the  rate  was  slowed  or  about 
normal,  never  much  above  it.  Severe  and  even  mild  rota- 
tions caused  complete  apnooa  for  short  periods,  followed  by 
deep  inspirations.  (See  protocols  8  and  10.)  As  a  rule,  the 
respiratory  rate  increases  as  the  blond -pressure  falls,  and 
vice  versa.  Wlien  vomiting  and  deep  breathing  did  not 
suffice  to  maintain  or  restore  the  blood-pressure,  the  pulse- 
rate  occasionally  became  markedly  increased,  but  increase 
in  pulse-rate  apart  from  vomiting  was  the  exception,  not 
the  rule ;  in  fact,  the  most  striking  general  effect  of  re- 
peated rotations  upon  the  pulse  is  a  slowing  of  the  rate. 

It  was  noted  that  covering  the  eyes  and  head  had  no 
appreciable  effect  in  preventing  the  nausea  and  circulatory 
disturbances  that  attend  rotations.     (See  protocol  2.) 

Rotations  in  the  sagittal  and  coronal  planes,  witli  the 
subject  lying  horizontally,  lowered  the  blood-pressure.  (See 
protocols  17a  and  17b.)  The  pulse-rate  was  also  lowered. 
After  the  rotations,  the  blood-pressure  rose  somewhat,  but 
not  to  the  extent  observed  following  rotations  about  the 
long  axis  with  the  subject  sitting  erect. 
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The  conclusions  are: 

1.  That  rotations  in  the  upright  position  about  the  long 
aiis  of  the  body,  affect  the  circulation  by  irritation  of  the 
medullary  vaso-constrictor  centres.  There  are  reasons  for 
believing  that  the  semicircular  canals  are  not  in  direct  re- 
lation with  the  medullary  vaso-constrictor  ocntres,  and  that 
the  rise  in  blood-prcsaure  that  accompanies  rotations^  etc., 
is  the  result  of  the  cerebral  and  cerebellar  disturbances 
responsible  for  the  vertigo,  displacements  of  equilibrium, 
etc.  On  the  other  hand,  the  otolithic  apparatus  seems  to 
be  in  direct  relation  with  the  medullary  vaso-constrictor 
centres.  These  structures  appear  to  be  the  chief  factors 
in  the  mechanism  which  regulates  the  blood-pressure  when 
the  subject  assumes  the  erect  posture.  However,  inasmuch 
as  rotations  probably  affect  the  otolithic  apparatus  of  the 
vestibule,  as  well  as  the  ampullary  receptors  of  the  semi- 
circular canals,  it  is  probable  that  the  otoliths  are  an  im- 
portant factor  in  the  mechanism  involved  in  the  circu- 
latory changes  observed. 

8.  That  by  vaso-constriction,  the  blood-pressure  is 
raised  without  a  corresponding  increase  in  pulse-rate,  but 
when  the  rotations  are  frequently  repeated  over  long 
periods,  or  when  they  are  severe,  with  violent  reversals  or 
retardations,  fatigue  rapidly  sets  in,  with  failure  of  the 
circulation  which,  w^hen  profound,  is  met  chiefly  by  en- 
hanced respiratory  movements  and  by  vomiting.  The 
latter  tends  to  restore  the  circulation  in  the  vital  medul- 
lary centres,  and  removes  the  stomach  contents. 

3.  That  the  vagus  (cardiac  inhibitory)  centre  is  stim- 
ulated, as  evidenced  by  the  slow  pulse,  and  in  certain 
extreme  conditions  is  so  irritated  as  to  practically  bring 
the  heart  to  a  standstill  for  a  time. 

4.  That  the  respiratory  centre  is  inhibited,  making  the 
rate  lower,  and  causing,  at  times,  complete  apncea.  The 
subsequently  increased  depth  of  the  respiration  is  to  be 
attributed  in  part  to  a  prolonged  period  of  latency  and 
accumulation  of  COg  in  the  blood. 

5.  That  the  respiratory  as  well  as  the  pul^e-rate,  ac- 
companies the  blood-pressure  in  the  sharp  rise  of  the  latter 
that  occurs  with  vomiting. 

6.  That  in  rotation  in  the  sagittal  and  coronal  planes, 
with   the  subject  lying  horizontally,  the  vasoconstrictor 
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action  with  its  resulting  rise  in  blood-pre&snre,  is  wanting, 
not  because  the  rotation  does  not  stimulate  the  medullary 
vaso-constrictor  centres,  but  because  the  stimulation  of 
those  centres  is  insufficient  to  cause  appreciable  effect  on 
the  blood-pressure  on  account  of  the  diminished  tonicity 
of  the  vessels  and  lowered  pulse-rate  that  obtain  Ln  re- 
cumbency, these  being  due,  in  part,  to  the  inactive  state 
of  the  otolithic  apparatus. 

7.  That  in  rotations  in  Tccuinbency,  the  vagus  centre 
is  etimulated,  as  manifested  by  lowered  pulse-rate,  which 
is  masked,  to  a  certain  extent,  because  of  the  lowered  pulse- 
rate  indtieed  by  recumbency. 

8.  That  a  condition  simulating  surgical  shock  may  be 
present  with  extremely  contracted  arteries.  This  seems 
to  favor  Porter's  view  of  the  mechanism  of  shock,  viz., 
arterial  constriction,  or  Henderson's  view,  viz.,  venous 
relaxation,  as  opposed  to  Crile's  view,  which  attributes 
shock  to  arterial  relaxation. 

9.  That  the  emptying  of  the  stomach  is  but  one  of  the 
bye-results  of  vomiting,  where  the  latter  occurs  as  the  re- 
sult of  anfemia  and  asphyxiation  of  the  medullary  centres 
in  profound  circulatory  depression  from  whatever  cause. 
Thus,  vomiting  is  to  be  regarded  as  a  response  of  the 
organism  analogous  to  that  which  occurs  in  an  animal 
upon  which  artificial  increase  of  intra-cranial  pressure  is 
practised.  In  the  latter  instance,  asphyxia  occurs  first, 
then  follows  arterial  constriction,  with  contraction  of  the 
muscles  all  over  the  body,  e,g,,  increased  peristalsis, 
arterial  constriction,  etc.,  phenomena  which  are  fairly  rep- 
resented in  the  act  of  vomiting  as  seen  in  rotations.  Vom- 
iting, therefore,  or  the  condition  that  immediately  precedes 
it  and  is  responsible  for  the  actual  expulsion  of  food  from 
the  stomach,  is  to  be  regarded  as  a  defence  of  the  organism 
against  threatened  dissolution  from  lowered  blood-pressure, 
and  consequent  asphyxia  of  the  medullary  centres. 


The  Influence  of  Drugs  upon  ike  Circulatory  Changes 
that  Occur  with  Rotations 

Strychnin  and  atropin  in  combination  had  the  effect 
of   maintaining    the    blood-pressure    without    appreciable 


PHYSIOLOGY 


185 


change  in  severe  swings  with  violent  reversals.  Protocol 
3  shows  how  this  was  effected  in  part,  i.e,,  by  increased 
pulse-rate.  The  sensitiveness  of  the  cardiac  mechanism  to 
altered  conditions  of  intra-cardiac  pressure  is  also  well 
known.  Slight  cardiac  arhythmia  was  also  noted  at  times. 
The  action  of  strychnin  alone  is  shown  in  protocol  3. 
The  blood-pressure  was  not  so  well  maintained,  nor  were 
the  effects  upon  the  subject's  general  condition  so  favourable 
as  when  the  combination  of  atropiti  and  strychnin  was 
used.  Vagus  stimulation  effects  are  seen  just  after  tha 
rotation.  It  is  fair  to  add  that  the  subject's  body  was  in 
a  Btate  of  fatigue  from  tlie  efTccts  of  a  severe  handball 
contest,  engaged  in  on  tlie  previous  day,  without  proper 
preparation.  Protocol  8  shows  the  efTeet  of  atropin,  which 
tenas  slightly  to  prevent  the  marked  fluctuations  of  the 
respiratory  rate  Liicidentnl  to  rotations.  Protocol  9  shows 
the  effect  of  atropin  in  maintaining  a  good  average  stand- 
ard of  blood-pressure.  The  subject  (B),  on  w^hom  the 
experiments  in  this  instance  were  performed,  was  ex- 
tremely sensitive  to  rotation.  The  severe  swings  given 
after  the  atropin  could  not  have  been  tolerated  without 
the  drug.  It  should  be  noted,  however,  tliat  the  stomacli 
was  empty,  wliich  is  at  times  an  important  factor  in  rota- 
tion sickness.  The  pulse-rate  was  not  quickened  in  the 
rotations  after  atropin.  This  shows  tliat  the  action  of 
the  drug  on  the  cardiac  vagus  terminals  was  insufficient 
to  overcome  the  effects  of  central  vagus  stimulation,  Tlie 
blood-pre^ure  was  well  maintained  hy  arterial  constriction 
under  the  influence  of  atropin.  Protocol  10  shows,  on 
a  different  subject  (S),  practically  what  was  shown  in 
protocol  9.  It  also  shows  the  tendency  of  the  respiratory 
rate  to  rise  as  the  blood-pressure  falls,  and  to  fall  as  the 
latter  rises.  Protocol  11  shows  the  effect  of  nitroglycerin, 
both  before  and  after  atropin.  Before  atropin  had  been 
given,  tlie  typical  nitroglycerin  effect  was  not  a  con- 
spicuous feature,  being  overshadowed  by  the  vaso-con- 
strictor  effect  from  ttje  rotations,  and  this,  notwithstanding 
that  the  subject  felt  the  usual  nitroglycerin  effects  in  the 
head.  Nitroglycerin,  administered  after  atropin,  shows  a 
marked  rise  in  pulse-rate,  illustrating  one  of  nature'a 
methods  in  combating  lowered  arterial  tension.     The  large 
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fluctuations  of  pulse-rate  and  blood-pressure  occurring  be- 
tween the  administratioii  of  the  atropiii  and  the  second 
dose  of  nitroglycerin  are  to  be  attributed  to  exhaustion 
of  the  neuro'vascular  niechanismSj  which  was,  in  turn,  the 
immediate  reactionary  effect  of  the  struggle  to  maintain 
the  blood-pressure,  in  spite  of  the  relaxed  musculature  of 
the  arterioles  caused  by  the  first  dose  of  nitroglycerin. 
Protocol  12  shows  the  effects  of  strychnin  and  morphin. 
The  pulse-rate  was  not  increased,  the  blood -pressure  being 
well  maintained  by  vaso-con stricter  action,  and  yet  the 
rotations  made  the  subject  fee!  very  dizzy,  sick  and 
nauseated.  With  these  there  were  motor  and  mental  de- 
pression, and  a  general  feeling  of  wretchedness.  Vomiting 
did  not  occur,  because  the  rotations  were  suspended  in 
order  to  forestall  it,  and  to  relieve  the  subject's  w^retched- 
ncss,  which  persisted  for  over  four  hours,  partly,  perhaps, 
because  of  the  well-known  excretion  of  morphin  into  the 
stomach,  protracting  the  period  of  nausea  pending  its  re- 
absorption  or  elimination.  Protocol  13  shows  tlic  effect 
of  morphin  when  u^ed  alone.  The  drug  was  administered 
after  many  rather  severe  rotations,  and  at  a  time  when 
there  was  a  steady  decline  in  blood-pressure,  with  a  ten- 
dency of  the  pulse-rate  to  rise.  Rotations  after  the  mor- 
phin showed  a  fairly  well-maintained  blood-pressure  with- 
out increase  of  the  pulse-rate.  Forty-two  minutes  after 
the  administration  of  the  morphin  the  subject  was  given 
gr  ^/go  of  atropin  crystals.  Fourteen  minutes  after  the 
atropin  had  been  given,  rotations  so  sickened  the  subject 
that  he  vomited.  The  blood^pressure  and  pulse-rate  failed 
to  show  the  usual  atropin  effect.  With  the  vomiting,  there 
was  the  usual  sharp  rise  in  blood-pressure  and  pulse-rate. 
A  lepetition  of  the  rotation  caused  depression  of  the 
blood-pressure  and  pulse- rate,  and  the  subject  felt  nause- 
ated, dull  and  heavy.  During  a  rotation,  given  26  min- 
utes after  the  administration  of  atropin.  the  i)ulse-rate 
at  the  wrist  disappeared  and  the  second  sound  of  the  heart 
was  feeble  or  missing.  The  pulse  disappeared  frequently 
in  the  rotations  given  on  this  occasion,  both  before  and 
after  the  administration  of  the  drugs. 

The  effect  of  bromid  of  potassium  is  shown  in  pro- 
tocol 1-ia.    The  rotations  sickefied  the  subject  and  caused 
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vomiting.  Between  rotatioDS,  the  blood-pressxire  was  fairlj 
Bustained,  It  can  be  seen,  howevfir,  tliiit  the  pulse  showed 
rather  a  tendency  to  slowing.  The  figures  do  not  fairly 
represent  the  behaviour  of  the  eircuhition,  as  extensive 
fluctuations  occurred,  which  were  so  evanescent  that  tliere 
was  not  time  to  catch  and  record  them.  After  vomiting, 
the  efficiency  of  the  circulation  was  enhanced.  With  bro- 
mid,  although  the  ^subJect  was  sickened  quickly,  there  was 
undoubtedly  less  psychic  wretchedness  tlian  was  noted  in 
rotations  without  the  use  of  drugs,  whilst  between  rota- 
tions there  was  absence  of  the  usual  dread  of  the  next 
rotation. 

The  effect  of  digitalon  is  shown  in  protocol  14b.  The 
eubject  felt  his  susceptibility  increased,  if  anything,  ioT 
the  sickening  elTects  of  rotations.  The  blood'pred.-^ure 
showed  a  downward  tendency,  as  did  the  pulse-rate  after 
an  initial  rise.  The  first  rotation  was  performed  tivo  hours 
and  eighteen  minutes  after  the  administration  of  the  drug, 
which  was  not  sufiieient  time  for  a  digitalis  preparation, 
given  hypodermically,  to  show  its  characteristic  effects  on 
the  circulation.  The  digitalon  cauj^ed  some  local  irrita- 
tion and  edema,  and  a  distinct  increase  of  stomach  irri- 
tability. The  effect  of  hyoscyamin  is  shown  in  protocol 
15.  The  drug  evidently  diminished  the  sickness  and 
wretchedness  that  usually  accompany  rotations.  There 
were  wide  fluctuations  in  the  blood-pressure  and  in  the 
pulse-rate.  On  the  whole,  witli  hyoscyamin  the  blood- 
pressure  was  not  so  well  maintained  as  with  atropin,  and 
it  is  evident  that  the  drug  was  not  so  potent  as  atropin 
in  eliminating  the  effects  of  vagus  stimulation,  since  the 
pulse  showed  no  tendency  to  increase  in  rate,  and  was 
slowed,  if  anything,  after  the  rotations.  The  drug  was 
also  found  inferior  to  atropin  in  wanling  off  stomach  sick- 
riiess,  although  it  helped  to  a  consirlerable  extent  in  Urn 
'direction^  for  the  rotations  were  rather  severe^  with  many 
reversals.  The  psychic  and  motor  exaltation  noted  with 
atropin  were  missing.  During  some  of  the  rotations  an 
almost  impalpable  radial  pulse  was  found,  accompanying 
nn  accentuated  second  Bound.  This  was  found  repeatedly. 
Of  course,  taking  blood-pressures  under  the  circumstances 
was  out  of  the  question.     Protocol  16  shows  the  effect  of 
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bromid  in  a  subject  very  susceptible  to  tbe  effects  of 
rotation.  Whilst  the  latter  tended  to  sicken,  there  waa 
an  absence  of  the  usual  wretchedness  and  psychic  depres- 
sion. Tbere  was  no  fear  of  bein^  made  sick,  and  the 
thought  of  rotations  to  corne  did  not  worry.  It  was  noted 
that  in  rotations  after  bromid  the  tendency  to  nausea,  so 
readily  excited  by  the  odour  of  tobacco-smoke,  was  some* 
what  lessened.  The  blood-prcjssure  and  pulse-rate  showed 
effects  similar  to  those  shown  in  protocol  14.  The  effect 
of  hyoscyamin  is  again  sho^vn  in  protocol  16. 

The  train  of  symptoms  set  up  in  rotation  sickness  per- 
fiiat^  till  physical  and  mental  depression  ensues.  The  stom- 
ach, once  disturbed,  ever  remains  a  source  of  secondary 
irritation  to  the  medullary,  cerebellar  and  cerebral  centres. 
Hyoscyamin  counteracts  or  eliminates  the  effects  of  this 
secondary  irritation  hj  depressing  the  sensory  nerve  termi- 
nals in  the  stomach.  The  drug,  however,  also  depresses 
the  psychic  areas  in  the  cerebrum.  The  bromides  act 
merely  by  depressing  the  cerebral  psychic  areas,  thereby 
eliminating  the  element  of  apprehension  and  psychic  dis- 
tress that  is  such  a  constant  symptom  in  rotation  sickness. 
Atropin  has  the  advantage  over  bromides  and  hyoscya- 
min, in  that  it  depresses  the  sensory  nerve  endings  in  the 
stomach  and  all  over  the  body,  and  at  the  same  time  stimu- 
lates the  psychic  and  motor  areas  of  the  cerebrum,  as  well 
as  the  respiratory  and  vaso-constrictor  centres  in  the  me- 
dulla. The  protocols  clearly  show  that  atropin  has  a  more 
potent  effect  than  hyoscyamin  in  tending  to  paralyze  the 
Tagus  nerve  endings  in  the  heart.  However,  a  relatively 
larger  dose  of  atropin  was  used. 

The  effects  of  atropin  and  strychnin  in  combination 
are  shown  in  protocol  17,  where  the  rotations  were  per- 
formed with  the  subject  lying  horizontally.  The  effects 
are  similar  to  those  noted  in  the  rotations  performed  with 
the  subject  sitting  upright  Note  the  reflex  slowing  of 
the  pulse  induced  by  recumbency,  and  the  slowing  induced 
by  vagus-centre  irritation  from  the  rotation,  and  counter- 
acted by  atropin  later  on.     (Sec  protocol  3.) 

These  observations  show: 

1-  That  the  comhination  of  strychnin  and  atropin  is 
more  potent  tlian  either  of  these  drugs  used  alone,  and  ia 
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superior  to  any  other  drug  or  combination  of  drugs  so 
far  tried  in  combating  the  effects  of  rotation  upon  the 
stomach  and  cerebrum,  and  upon  the  mechanisms  of  the 
circulation. 

2.  That  atropin,  hyoscyamin  and  bromides  are  effi- 
cient in  averting  or  ameliorating  rotation  sickness  in  the 
order  named,  atropin,  however,  being  far  more  potent 
than  hyoscyamin,  as  the  latter  is  more  potent  than  bro- 
mides, although  the  circulation  seemed  to  be  better  main- 
tained with  bromides  than  with  hyoscyamin. 

3.  That  morphin  and  nitroglycerin  are  a  hindrance, 
rather  than  a  help,  in  rotation  sickness,  and  are  contra- 
indicated  in  conditions  akin  to  rotation  sickness,  although 
with  morphin  the  circulation  was  well  maintained. 


PROTOCOLS. 
1.— On  **  S,"  a  Subject  with  Fair  Toleration.  January  1, 1909. 


Pnlae-  Blood- 
rate.    pren. 

Remarks. 

72 

120 

.  Normal  before  rotations. 

76 

100 

Just  after  rotation  (long  axis). 

76 

120 

1  min.  after   " 

64 

120 

o         **            **                ** 

64 

95 

Just  after  rotation.    Artery  small. 

64 

120 

1  min.  after  " 

56 

120 

2         "            ** 

60 

115 

8         '*            " 

60 

116 

Rotation. 

96 

140 

Vomited  as  left  swing:. 

84 

145 

1  min.  after  rotation. 

76 

115 

Q                    **                                «< 

72 

105 

8 

72 

110 

A               **                        ** 

72 

105 

5 

68 

105 

Rotation. 

104 

150 

Vomited. 

96 

145 

1  min.  after  rotation. 

80 

120 

2         **              ** 

76 

115 

8         **              •* 

80 

105 

A               **                        << 

80 

100 

5 

72 

105 

Feels  chilly. 

76 

90 

Went  to  stove. 

72 

110 

72 

100 

■ 

^^^140 
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^H               Pulee- 

Bliwi- 

Remarks.                                             ^^H 

^H                rttte. 

prcBB, 

H 

105 

■ 

125 

Danced  to  **wann  up." 

■ 

105 

■ 

115 

H                84 

85 

Just  after  rotation.    Eyea  open. 

H         ^ 

105 

1  min.  after  rotation. 

■               60 

100 

H               60 

95 

2          "                *" 

H 

95 

■ 

95 

go..                                                                                                          1 

H 

100 

■ 

95 

A               **                        ** 

■ 

100 

■ 

105 

5 

■                84 

105 

Rotation.     Eyes  closed. 

H              100 

115 

H                80 

150 

Vomited. 

■ 

125 

1  min.  after  rotation. 

H                80 

115 

■                80 

105 

2         •*               '* 

■ 

106 

3         •* 

H             3.— On  »B 

j"  a  Very  SuBceptible  Subject.    January  1,  1009 

H               84 

120 

Normal.                                                                            i 

■               84 

115 

■ 

130 

Standing  in  rowboat  as  latter  was  rowed  in  a  circle. 

■               88 

1S5 

Balancing  efforta  in  cold  air. 

130 

No  sickening  efFect, 

H 

120 

Normal. 

■                83 

135 

Altermildtoand  fro  swing  in  different  directions. 

■                83 

140 

■                83 

140 

m          76 

130 

Just  after  rotation  long  axis* 

■                 76 

140 

Nauseated. 

K  ' 

125 

After  mild  rotation. 

H               68 

140 

1  min.  after  rotation. 

■ 

140 

4y             *t                      it 

■ 

130 

3 

■ 

130 

Resting. 

■                68 

130 

ii 

H 

135 

After  mild  rotation,  eyea  closed  and  covered* 

■ 

125 

Nauseated.    Odours  sicken. 

■ 

140 

II 

■               80 

125 

After  brisk  rotation.                                                        1 

^1 

120 

Lump-sensation  in  stomach.                                             1 

140 

Odour  of  tobacco-smoke  offensive.                               ^ 
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8.-0n  '"S,"  January  S,  1909 

Timm, 

Pnlse-Blood- 

Bmuurks. 

MAD. 

nte. 

press. 

76 

120 

Normal. 

76 

115 

«« 

68 

110 

Mild  rotation  (long  axis). 

72 

115 

1  min.  after. 

68 

115 

2 

80 

no 

Mild  rotation. 

88 

no 

1  min.  after. 

84 

110 

2 

80 

90 

After  brisk  rotation. 

76 

95 

1  min.  after. 

76 

110 

2 

72 

95 

After  brisk  rotation. 

56 

90 

Just  after  rotation,  lying  supine. 

56 

95 

64 

110 

1  min.  after  rot.,  lying  down. 

72 

115 

Standing  after  lying.    Feels  chilly. 

68 

100 

1  min.  after  standing  up. 

68 

100 

68 

100 

2  min.  after  standing  up. 

60 

100 

10:00 

Strychnin  sulph.,  gr  1/20,  hypo. 

80 

105 

Resting. 

80 

100 

«< 

72 

100 

<< 

10:10 

68 

90 

Brisk  rotation. 

64 

95 

1  min.  after. 

64 

95 

64 

95 

2  min.  after. 

72 

115 

3       " 

10:»; 

68 

100 

Brisk  rotation. 

60 

100 

1  min.  after. 

64 

110 

2 

64 

110 

3 

10:87 

Atropin  sulph.,  gr  lAOO,  hypo. 

60 

95 

Resting. 

64 

105 

«< 

10:43 

76 

105 

«« 

10:45 

72 

105 

Brisk  rotation,  dizzy  during  rot  no  nausea. 

60 

105 

1  min.  after. 

60 

105 

2 

68 

105 

3 

72 

105 

4 

80 

105 

6 

88 

105 

7 

84 

105 

8 

11:00 

92 

105 

Brisk  rotation,  dizzy ;  nauseated,  headache. 

88 

105 

1  min.  after. 

84 

105 

2 

9Q 

m 

3         " 

142 
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Tlm^ 

PulM- Blood- 
rate,    press. 

Remarks. 

88 

105 

4  min.  after. 

88 

105 

5 

4a.-0n  **&/*  January  8,  1909 

72 

110 

Normal,  Btanding. 

68 

105 

««           tt 

56 

95 

Lyinsr. 

52 

95 

«« 

56 

100 

StandinfiT. 

72 

110 

«« 

72 
68 
68 

110 
115 
105 

After  mild  rota 

tion  (lonfir^ 

axis) 

60 

105 

64 

100 

64 

95 

72 

95 

64 

105 

60 

95 

64 

95 

64 

95 

9:55 

Atropin  sulph.. 

firr  lAOO,  hypo. 

64 

95 

9:57 

64 

100 

56 

100 

10:00 

60 

100 

10:02 

64 

105 

10:05 

64 

100 

10:09 

64 

100 

10:10 

80 

100 

Brisk  rotation ;  slifirht  momenta 

80 

100 

Nervous ;  dizzy ;  weak  at  knees 

76 

105 

72 

105 

84 

105 

88 

100 

88 

95 

84 

95 

Lay  down. 

56 

95 

Lyinsr  down. 

64 

100 

<< 

68 

105 

** 

64 

105 

<« 

92 

95 

Standins:  after  lyin^. 

92 

95 

(«                <i 

95 

(<               «« 

96 

95 

After  a  moderate  rotation. 

80 

95 

88 

100 

<<            <<               << 

84 

100 

««            <<               <• 

80 

95 

<«            •< 

cc 
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4b.-0n  «B,'»  January  8,  1909 

PulM-Blood- 
nte.    preu. 

Remarks. 

76 

115 

Normal,  standinsr* 

76 

115 

<< 

76 

110 

Lyiiifir. 

72 

115 

<« 

80 

110 

StandinfiT. 

80 

110 

t* 

92 

115 

After  a  moderate  rotation. 

80 

110 

«<               <<              it 

80 

110 

•4                               «i                             << 

76 

115 

<«                                ((                             <• 

80 

115 

<<                                ««                             «< 

5.— On  ^'S,"  January  10,  1909 

72 

110 

Normal,  standing. 

68 

110 

<< 

76 

115 

<< 

76 

115 

«< 

76 

115 

LyinfiT  down. 

60 

95 

A 

64 

105 

tt 

60 

95 

tt 

60 

105 

tt 

60 

105 

«« 

64 

105 

f  f 

60 

100 

Standing. 

68 

110 

68 

100 

72 

105 

76 

110 

72 

105 

72 

110 

68 

120 

After  rotation  (long  axis). 

68 

120 

tt 

68 

115 

2  min.  after. 

68 

115 

3 

68 

110 

After  a  moderate  rotation. 

64 

105 

tt             tt            tt 

68 

105 

tt             tt             tt 

64 

110 

After  a  brisk  rotation. 

60 

95 

1  min.  after. 

60 

95 

2 

64 

100 

3 

64 

95 

4 

68 

95 

68 

120 

Hanging  by  legs,  trapeze  fashion. 

60 

125 

tt          tt                tt 

64 

180 

tt          tt                ■« 
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Remorki. 


Standing^. 


72  100 

84  110 

88  115 

84  115 

64  100 

64  105 

64  105 

64  130 


64  110 

64  110 

64  106 

64  110 


68 


84 


110 
105 


84   110 


e.-'On  «S/'  January  10,  1909 
Sitting. 

i  i 

Standing. 

it 

Lying  supine. 


Head  lowered ;  body  making  ang-le  of  30**  with 
horizon.  Pupils  contracted;  face  congested; 
sense  of  pressure  over  forehead. 

Head  still  low. 


Standings  up  after  lying-  with  head  low ;  pupils  di- 
lated, face  pale,  radial  artery  contracted.  On 
standing  up  blood-pressure  went  up  to  125  or 
above  it,  but  immediately  fell  to  105. 

Standing  after  lying  with  head  low. 


4 


Head  low.     Body  making  30°  with  borizon.    Pupils 

contracted,  face  congested. 
Lying  head  low. 


upiia^^i 


On  sudden  throwing  of  subject  into  sitting  pos- 
ture. 

Sitting  after  lying  with  head  low.  Pupils  moder- 
ately  dilated,  radial  artery  small. 

Sitting  after  lying  with  head  low. 

Radial  artery  larger. 

Laughed ;  artery  smaller. 

Sitting. 


Standing,  after  sitting 
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nte. 

Blood- 
press. 

Remarks. 

84 

105 

Standing,  after  sittinff. 

80 

95 

<<                                 4* 

76 

110 

■  f                                 •< 

80 

110 

StandinsT. 

80 

110 

<< 

60 

90 

Lsrinsr.    Pupils  small ;  face  congested ;  radial  ar- 
tery dilated. 

64 

105 

Lying. 

60 

105 

<< 

60 

100 

<« 

60 

100 

<< 

64 

90 

Lying  head  low.    Pupils  small,  etc,  as  before. 

60 

100 

<«                            tt                   <t 

56 

100 

<(                                                              cc                                           «< 

60 

95 

tt                                        tt                            If 

60 

100 

tt                                                tt                                 M 

60 

95 

tt                                                   ■•                                    M 

80 

105 

Standing. 

84 

105 

«< 

84 

95 

tt 

80 

110 

tt 

80      105 


7a.— On  "B,"  January  10,  1909 


72 

120 

Normal,  standing. 

76 

115 

tt           «( 

76 

110 

tt           tt 

76 

110 

tt           tt 

76 

180 

After  mild  rotation  (long  axis). 

72 

125 

1  min.  after. 

72 

120 

2 

80 

125 

After  a  brisk  rotation. 

76 

120 

1  min.  after. 

76 

120 

2 

84 

115 

After  brisk  swing.  Dizzy,  nauseated,  apnoea, 
followed  by  deep  inspirations. 

72 

110 

1  min.  after  rotation. 

68 

105 

2       "           " 

68 

100 

3 

68 

110 

4        *•           «* 

68 

105 

5       ••           " 

68 

100 

After  mild  rotation.  Dizzy,  nauseated.  On  verge 
of  vomiting. 

68 

105 

1  min.  after  rotation. 

64 

105 

2        '*            " 

60 

115 

After  mild  rotation.  Pulseless  at  wrist  after 
rotation.    On  verge  of  vomiting. 

68 

110 

1  min.  after  rotation. 

64 

116 

After  mild  rotation. 

H 

SEMICIRCULAR  CANALS               ^^H 

^H                Pulse-  Blood- 
^^1                  rmte.    press. 

RemArks.                                             ^^M 

^^M 

106 

1  min.  after.                                                              ^^ 

^^B 

100 

After  mild  rotation.    After  a  few  turns,  was  on      , 
verge  of  vomiting. 

^^H 

110 

1  min.  after  rotation. 

^^H 

105 

2 

^^B 

100 

After  mild  rotation. 

^^^V             Pulseless  at  wrist   for  a  moment  or  so    after  rotation. 

^^r            After  this  rotation  the  subject  did  not  recover  as  after  the  pre- 

^H            vious 

rotations,  but  remained  sick  and  wretched  and  became      1 

^H            yellowish  g-reen  in  the  face.     The  odour  of  tobacco-smoke  was 

^H            offensive.     Vomiting  did  not  occur,  as  the  rotations  were  dis- 

^H            continued  to  avert  it.     It  took  an  hour  or  more  before  the  sub- 

^■^      ject's 

stomach  ceased  to  distress  him,                                                1 

^B 

7b.-0Q  "B,"  January  17,  1909                       ^J 

^^H 

125 

Normal,  standing.                                                   ^^| 

^^H 

125 

,^^H 

^^M 

125 

^^^H 

^^m 

120 

Lyingr.                                                                        ^^^| 

^^H 

110 

^^^^1 

^^H 

115 

Standing.                                                                 ^H 

^^H 

120 

^^1 

^^H 

120 

8.-0n  «B,»  Janimxy  94,  1009                       ^M 

^^^B 

Eespl 
rationi 

RemATlu.                                        ^^H 

^^^^^^^H 

16 

Normal,  standing.                                                ^H 

^^^^^^^H 

16 

^^^^1 

^^^^^^^^1 

18 

^^^^H 

^^^^^^^M 

16 

Normal,  lying.                                                  ^H 

^^^^^^^^B 

16 

'*                                                                              ^^^^H 

^^^^^^^B 

13 

Standing.                                                          ^^| 

^^^^^^^H 

U 

^^^^1 

^^^^^^^H 

le 

^^^H 

^^^^^^^^H 

14 

^^^^1 

^^^^^^^H 

14 

^^^1 

^^^^^^^^V 

16 

^^^^1 

^^^^^^^H 

14 

Just  after  a  mild  rotation.                                ^^| 

^^^^^^^^1 

16 

1  min.  after.                                                        ^H 

^^^^^^^B 

18 

^m 

^^^^^^^^^^^V| 

14 

^M 

18 

After  mild  rotation.                                            ^H 

^^^^^^^m 

16 

1  min.  after.                                                        ^^1 

^^^^^^^^H 

16 

^m 

^^^^^^^H 

18 

After  mild  rotation.                                            ^^M 

■ 

16 

1  min.  after.                                                      ^^H 
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Time, 
a.ni. 

Respl- 
rations. 

RttDftrkBt 

14 

2  min.  after. 

16 

3 

14 

After  rotation. 

18 

1  min.  after. 

16 

2 

20 

After  brisk  rotation. 

16 

1  min.  after. 

16 

After  rotation. 

12 

1  min.  after. 

8 

2 

16 

8 

12 

After  rotation.    Left  swinfir  vomiting, 

16 

1  min.  after. 

20 

2 

18 

3 

18 

4 

16 

5 

12 

6 

10:02 

16 

Atropin  sulph.,  gr  lAOO,  hypo. 

10:15 

18 

10:33 

16 

10:34 

14 

10:35 

14 

After  brisk  rotation. 

14 

1  min.  after. 

12 

2 

14 

3 

16 

4 

14 

5 

14 

6 

16 

7 

10:45 

18 

After  long,  brisk  rotation. 

14 

1  min.  after. 

18 

2 

16 

3 

16 

4 

14 

5 

16 

6 

12 

7 

16 

After  climbing  rope,  hand  over  hand. 

16 

1  min.  after. 

14 

2 

14 

3 

^ote.— Apnoea  preceded  the  vomiting.  The  rotations  given 
after  the  administration  of  atropin  drove  the  respirations 
down  to  12  or  14,  whilst  at  no  time  after  the  drug  were 
the  respirations  higher  than  18,  the  average  being  about  16. 
Even  brisk  and  prolonged  rotations  caused  no  greater  fluctua- 
tion in  blood-pressure  than  5  mm,  whilst  the  pulse-rate  never 
rose  above  70,  the  average  being  about  64,  with  a  minimum  of 
56.    After  atropin^  the  rotations  failed  to  sicken  the  subject. 
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0. 

-On  *'■£,'*  January  24,  1909               ^^H 

^H                Tinier 

PuIms-  Blood- 

Remajrke.                             ^^^^^^M 

^B                  a.m. 

rate. 

preBB. 

76 

120 

Standing.                                              ^^^^| 

84 

115 

^^^^^1 

76 

115 

^^^^^^^H 

72 

130 

Lyin^,                                                     ^^^^| 

72 

130 

^^^^^H 

68 

115 

^^^^^^^H 

68 

115 

Standiner,                                              ^^^H 

68 

115 

^^^^^^^H 

72 

110 

^^^^^^^H 

72 

150 

Han^in^  by  gri^oins  on  trapeze,            ^^^H 

92 

125 

Standing.                                                ^^^H 

72 

125 

^^^^^^^H 

72 

115 

^^^^^^^^1 

72 

110 

After  mild  rotation.                             ^^^^| 

68 

95 

1  min.  after.                                           ^^^^1 

72 

120 

Af t«r  mild  rotation.                              ^^^^^1 

72 

110 

1  min.  after.                                          ^^^^H 

76 

115 

After  mild  rotation.                                ^^^H 

76 

116 

1  min.  after.                                                   ^H 

76 

125 

After  brisk  rotation.      Lump-aensatian   ^H 
stomach.                                                     ^H 

72 

115 

1  min.  after.                                                   ^H 

68 

110 

After  mild  rotation;  sick  feeling;  muscular 
weakneaa. 

^^^^^^^^^r ' 

76 

110 

1  min.  after. 

80 

135 

After  mild  rotation.    Left  swing  vomiting. 

76 

130 

1  min.  after.                                  «             _^H 

72 

120 

M 

72 

120 

^^M 

72 

115 

^^m 

^L^       10:02 

72 

115 

Atropin  sulph..  gr  1/00,  hypo.               ^^^H 

68 

116 

Resting.                                                   ^^^H 

68 

115 

^^^^^^^H 

68 

115 

^^^^^^^H 

68 

110 

^^^^^^^H 

H            10:12 

60 

115 

^^^^^^1 

64 

115 

^^^^^^^H 

68 

116 

^^^^^^^^1 

68 

115 

I^^^^^^^H 

64 

120 

^^^^^H 

64 

120 

*'                                                                                                  ^^^^^1 

^L       10:45 

60 

110 

After  long  brisk  swing.    Practically  no  di«-   , 
ziness  or  sickness.    Felt  strong.             ^m 

56 

120 

1  min.  after.                                              ,^H 

56 

110 

_^^M 

64 

110 

^^H 

68 

105 

^^m 

^^^    10:45 

60 

105 

After  brisk  rot  No  aickneaa  or  discomfort. 

60 

115 

1  min.  after.                                               ^j 

1»qIm.  Blood- 
^rmte,    preai. 

RetzittrkB, 

60      116 

2  min.  After. 

60      110 

3 

72      126 

After  climbiDg  rope,  hand  over  hand. 

68      125 

1  min.  after. 

64      125 

2 

64      120 

3 

The  rotations  given  the  subject  were  exceedingly  mild  and 
of  short  duration.  With  the  third  rotation,  symptoms  of  rota- 
tion sickness  set  in,  but  passed  oif  almost  immediately.  The 
familiar  lump-sensation  referred  to  the  stomach  appeared  with 
the  foiu'th  rotation.  After  this  rotation  the  respirations  were 
slowed  to  8,  but  immediately  returned  to  16.  With  the  sixth 
rotation,  the  subject  beg^an  to  feel  "sick  all  over."  The  stom- 
ach sickness  subsided  somewhat  immediately,  but  weakness  and 
tremulousness  in  the  limbs  persisted-  In  the  seventh  rotation 
the  subject  left  the  swing:  vomiting:.  The  vomiting  at  once  re- 
lieved depression  and  distress ;  the  head  became  clear  and,  in- 
stead of  being  dull  and  morose,  the  subject  became  cheerful 
and  talkative.  The  vomitus  contained  a  large  quantity  of  thick 
mucus  and  some  food.  The  vomiting  was  of  the  projectile  vari- 
ety, and  was  followed  by  a  sharp,  crampy  pain  in  the  epigas- 
trium. For  some  time  before  the  onset  of  vomiting,  there  was 
a  profuse  flow  of  saliva. 

After  atropin  rotations  had  little  effect  in  causing  even 
momentary  distress.  It  should  be  noted,  however,  that  the 
stomach  had  already  been  emptied  by  the  previous  vomiting. 
The  slow  pulse  after  atropin  was  remarkable.  Even  rope- 
climbing,  hand  over  hand,  did  not  appreciably  accelerate  the 
palae.  Under  ordinary  conditions,  such  exertion  would  send 
the  subject's  pulse-rate  up  to  90  or  100,  or  even  higher. 


10.— On  "S,"  January  31,  1909 


PniM- Blood- 
rate,    preu. 

Remarks. 

76 

115 

Normal,  standing. 

76 

115 

*t            II 

80 

110 

It                     r« 

88 

110 

««                     ft 

84 

115 

II                     (• 

84 

no 

«(                                4t 

80 

no 

II                      ti 

80 

110 

After  mild  rotation 

72 

120 

1  min.  after. 

76 

120 

2 

72 

130 

After  rotation. 

72 

120 

1  min.  after. 

84 

115 

2 

76 

no 

3 

..  - .  ^ 


150 

■ 

msmmmm 

Time, 

Pulse- 
rtite. 

Blood- 
pi-esB. 

S;.                R-"^-*          ^W 

80 

110 

4  rain,  after.                                              ^^ 

76 

Pulseless  momentarily  after  rotation.        1 

72 

115 

After  hard  rot.    Dizzy,    Artery  smaJL        i 

76 

105 

1  min.  after.                                                   J 

72 

110 

16      2                                                                 ^J 

72 

120 

16      3                                                                 ^^M 

72 

110 

18      4                                                                  ^W 

72 

100 

20      After    rot.      Dizzy:     lump-sensation;     1 
sick.                                                              j 

68 

110 

18      1  min.  after.                                                 j 

72 

115 

90 

120 

16      2                                                                       1 

18      After  rotation.                                        ^J 
16      1  min.  after.                                            ^H 

72 

110 

16      2                                                               ^M 

72 

120 

18      3                                                               ^M 

72 

110 
100 

16      4                                                               ^M 
18      After  rotation.                                       ^^M 

68 

120 

16      1  min.  after.                                           ^H 

68 

115 

16      2                                                               ^M 

,  r 

72 

105 
100 

14      3                                                               ^H 

16      4                                                                    ^M 

^^^K 

68 

100 

5                                                              ^M 

^^^ 

76 

100 

18      Standingr.                                                 ^™ 

68 

95 

1 1 

10:21 

A  tropin  crystals,  gr  1.60.  hypo. 

10:50 

88 

95 

After  standing  near  stove. 

72 

95 

Feels  well. 

72 

95 

, 

« 1 

72 

95 

, 

*' 

10:63 

68 

120 

After  hard  rotation. 

64 

120 

, 

Momentary  dizziness   during  rotation. 

64 

115 

. 

No  sickness  or  distress. 

k 

68 

115 

. 

r         mte.- 

In  general,  the  respiratory  rate  rises  as  the  blood- 

preBBure  falls,  and  vice  versa. 

L 

11,^^-On  «S,"  February  7,  1900 

■ 

Pulae-  Blood- 
rate,    pireflfl. 

RerwirkB. 

72 

no 

Normal,  standing. 

^^H 

72 

110 

«(                                   4  * 

^^^H 

68 

115 

*i                      <( 

^^H 

72 

115 

ti                       41 

^^H 

72 

115 

■  «                       •« 

■ 

68 

115 

After  hard  rotation.    Dizzy.     Lump  in  stom- 
ach.    Saliva  free. 

68 

120 

1  min.  after. 

^^^B 

68 

110 

2 

L 

72 

115 

3         " 

■ 

■ 

PHYSIOLOGY             ^^^IS^^^B 

Tlixia. 

Pq1b«>  Blood. 

Remftfks.                                                   ^^^| 

a.in. 

rate. 

preaa. 

68 

115 

4  min.  after,                                                            ^H 

72 

95 

After  hard  rotation.    Feels  like  vomiting,         ^H 
"Gone  feeling."                                                    ^^M 

68 

105 

1  min.  after.                                                              ^^M 

72 

95 

^M 

68 

110 

^M 

72 

105 

After  a  rest.  All  symptoms  gone  but  "lump"         ^H 
in  stomach.                                                             ^^M 

68 

105 

After  rotation  nervous.     Feels  like  vomiting.     Odour  of         ^^M 

alcohol  disagreeable.    Pulse  varies  from  moment  to  moment         ^H 

Yawning. 

Saliva 

profuse.     Head  clear.                                                ^H 

100 

^H 

105 

1  min.  after  rotation.                                               ^H 

68 

110 

2 

^m 

76 

105 

3 

■ 

90 

4 

H 

\i 

105 

5 

^m 

72 

115 

6 

H 

90 

7 

H 

105 

8 

^m 

68 

105 

^H 

9:29 

Nitroglycerin,  gr  1/100.  hypo.                                ^H 

64 

95 

After  nitroglyeerizi.                                                     ^^M 

68 

100 

^^^H 

68 

110 

^^^^1 

68 

100 

Throbbing  Benaation  over  forehead*                       ^H 

68 

105 

Sick  feeling  in  stomach.                                          ^H 

76 

110 

No  nausea.     Feels  chilly.                                        ^^M 

76 

100 

9:37 

72 

100 

After  rotation  pulse  did  not  disappear.                  ^H 

9:38 

76 

115 

Feels  like  vomiting.     Feels  exhausted                  ^H 

9:39 

76 

105 

Headache,  nausea.                                                    ^H 

9:39i 

76 

115 

9:40 

76 

110 

^Feels  well,  but  has  frontal  headache.                    ^H 

9:41 

76 

105 

After  rot     Sick,  nervous,  chilly,  shivering.          ^H 

9:42 

72 

110 

Artery    large.     Pulse    easily  felt,   but   of         ^H 
Corrigan  type.                                                        ^^M 

9:43 

72 

105 

9:44 

72 

105 

Head  clear.                                                                ^H 

10:03 

Atropin  crystals,  gr  160,  hypo.                              ^H 

10:12 

80 

Wretched  and  shivering.    Hard  to  find  radial          ^^ 
artery.      Heart's    first    sound    long    and              J 
booming.                                                                 ^^fl 

10:13 

80 

90 

10:17 

96 

105 

After  exercise  (dancing)  papils  contracted,         ^H 

10:18 

76 

105 

Headache  (vertex).     Lump  in  stomach.                ^H 

10:19 

84 

95 

Head  has  not  cleared  yet                                     ^H 

10:20 

88 

95 

^M           162 

■ 
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^^1                 Time, 

Pol&e.  Blood- 

Remarkii.                                      ^^^^B 

^^H 

rate. 

presa. 

^B             10:30 

80 

95 

Pain  in  forehead  and  in  left  of  epigastrium. 
This  latter  was  present  before  the  experi-     . 
menta  were  begun. 

H 

88 

95 

^M             10:32 

88 

105 

After    rotation.      Pulseless    at  first      No 
nausea.    Feels  well. 

^1             10:33 

88 

85 

Pulse  comes  and  goes.    Artery  very  small. 

^H              10 :  34 

88 

80 

^1              10:42 

After  rotation.    No  bad  effects.    No  pres- 
sures taken. 

H 

92 

95 

Feels  very  well.    Talkative.    Resting.             . 

^^1 

88 

110 

1 

^^1 

80 

115 

1 

^^H 

88 

115 

1 

^K^       10:52 

84 

105 

After  rotation.    Pulseleaa  at  first.                     1 

^^K 

84 

100 

Momentary  dizziness.     No  nausea  or  ten- 
dency to  vomit. 

^^^^^B 

72 

105 

^V 

Pulse   varies   markedly   in    force,    and  at 
times  seems  to  disappear.                                  i 

^1             10:58 

Nitroglycerin,  gr  1/100,  hypo.                             J 

^1             10:581 

84 

85 

Feels  well.                                                           J 

^1             10:59 

80 

90 

Headache  returning.                                   ^H 

^1             11:00 

96 

90 

^ 

^m             11:01 

92 

95 

^m              11;  02 

88 

95 

^1             11 :  05 

84 

95 

After  rotation.     No   sickness    or   distress 
from  rotation. 

^H             11:06 

92 

105 

^M             11:07 

92 

105 

Pulae  did  not  disappear.                                     j 

^1                   08 

96 

105 

1 

^1                    JVote.— 

Nitroglycerin  prevented  marked  fluctuation  of  the     I 

^H             blood-pressure  after  rotations^  possibly  by  its  effect  in  maintain-     | 

^^M             mg  equalized  tntra-cardiac  pressure.    A  tropin*  by  counteract-     | 

^H             ingr  the  dilatation  of  the  arterioles,   caused  the  fluctuations  in     || 

^H             blood-pressure  to 

reappear.     After  the  second  dose  of  nitro- 

^H             glycerin  the  fluctuations  in  pressure  were  again  partially  sup-      | 

^H             pressed. 

^k 

13.— On  "B,"*  February  12,  1909                      ^^ 

^^^^^^ 

80 

120 

Normal,  standing.                                         ^^| 

^^^^^^^v 

76 

120 

^^^^^^^^H 

76 

120 

i«                                                                                                     ■ 

^^K 

76 

110 

i*                                           1  C 

After  rotation  dizzy,  fulness  in  head,  chilly, 
momentary  puiselesenesa* 

^^^^^^^^H 

76 

105 

1  min.  after,                                                       J 

^L 

76 

■ 

115 

2        **                                                           J 

Three  rotations  were  given  to  note  the  variations  of  the 
'palse  and  the  accompanying:  symptoms.  During  the  first,  which 
was  a  mild  rotation,  the  pulse  disappeared  and  returned  many 
times.  There  was  no  nausea  or  distress  in  the  head  at  first. 
After  a  time  the  lump-sensation  was  felt  in  the  stomach,  and 
with  it  fulness  in  the  head  and  dizziness.  Vertig'o  was  ag-g^ra- 
vated  by  lookingr  up  over  head,  but  not  on  lookingr  at  things 
straig-ht  in  front  During  the  second  rotation  the  pulse  did  not 
disappear,  but  the  artery  became  extremely  contracted,  with 
apparently  well-maintained  blood-pressure.  The  subject  was 
nauseated  and  on  the  verge  of  vomiting.  These  symptoms  dis- 
appeared when  the  swing  was  stopped.  In  the  third  rotation 
It  was  foond  that  the  effects  of  rotation  could  be  better  resisted 
if  the  eyes  were  kept  closed.  Opening  the  eyes  during  a  rota- 
tion precipated  the  subject's  sickness.  During  the  rotation  the 
puise  did  not  disappear,  but  afterward  the  artery  became  very 
small  and  at  times  the  pulse  could  not  be  felt.  When  the  pulse 
returned,  the  artery  was  dilated  and  the  pressure  low.  During 
the  rotation  there  was  a  marked  tendency  to  vomiL  After  the 
rotation  recovery  was  slow  and  incomplete. 


Time.    Pulse-  BIocmI- 
ajn.       nte.    press. 

80       100 


10 

11 

64 

100 

10 

12 

64 

100 

10 

13 

64 

105 

10 

18 

10 

30 

64 

130 

10 

31 

68 

185 

10 

32 

64 

130 

10 

83 

64 

130 

?o 

84 

^ 

180 

Eemarka. 

After  rotation.  The  pulse  persisted  through 
the  rotation,  but  the  pressure  seemed  to 
be  low.  Resting  the  head  against  the  rope 
retarded  the  sickness.  The  subject  was 
very  wretched  on  the  swing,  had  frequent 
eructations f  and  was  on  the  verge  of 
vomiting.  After  the  rotation  the  subject 
felt  weak  and  wretched  and  wanted  to  lie 
down^  or  even  to  put  his  feet  somewhere  to 
rest  them. 

Strychnin  sulphater  gr  1  30,  hypo.  The  sub- 
ject felt  no  pain  from  the  hypo.  Recovery 
was  slow  after  the  last  rotation.  The  sub- 
ject felt  weak  and  disinclined  for  work. 
He  felt  loss  of  control  of  the  movements 
of  the  head  when  the  latter  was  tilted  from 
side  to  side.     Flatus  was  passed. 

Knee-jerks  slightly  overactive.  Achillea 
jerk  absent.  The  subject  went  and  stood 
by  the  hot  stove.  This  caused  return  of 
the  lump-sensation  and  stomach  distress. 

NormaL 

After  rotation. 

Morphin  sulphate,  gr  1/6,  hypo. 

Head  clear.    Feels  well.    Pupils  contracte4« 
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Time, 
a.m. 

10:35 

10:36 
10:37 
10:38 
10 :  46 
10:47 
10:48 


Blood- 
presa. 

130 


Renmrka. 

After  rotation.    Nausea. 

Muscular  inefRciency. 
1  min.  after. 
2 
3 
After  mild  rotation. 


Lump-sensation. 


120      Subject  became  grreen  in  the  face  and  very 
sick.     Markedly  nervous  and  weak,  espe- 
cially in  the  legs.  Brain  tired  and  clouded. 
On  the  verge  of  vomiting. 
The  rotations  were  discontinued  to  avert  vomitinfi:.    This 
probably  had  much  to  do  with  prolonj^ingr  the  subject's  sickness, 
for  it  was  fully  four  hours  before  the  subject  felt  himself  again. 
It  ts  evident  that  the  immediate  effects  of  rotation  sickness 
are  not  dependent  on  circulatory  impairment;  for.  in  spite  of 
well-maintained  pulse-rate  and  blood-pressure  after  the  admin- 
istration of  morphin^  the  susceptibility  of  the  subject  to  rota- 
tion sickness  was  enhanced. 


13. 

115 
115 


-On  *'S,"  February  14,  1009 
Normal,  standing. 


Two  rotations  were  given  without  taking-  observations  on 
the  pulse-rate  and  blood-preasure.  In  the  first  rotation  there 
was  slight  dizziness,  and  the  pulse  almost  disappeared,  but 
gradually  returned  with  full  force.  In  the  second  rotation  the 
pulse  did  not  disappear^  but  the  artery  was  much  constricted. 
The  heart-sounds  were  normal,  the  second  aortic  having  a  well- 
marked  click.  There  was  some  dizziness,  with  increased  sali- 
vary flow.     Recovery  was  prompt. 

68      110      Normal,  standing:. 

68  115 
Two  rotations  were  given  with  the  eyes  closed  and  covered, 
and  with  the  auditory  canals  plugged  tightly.  The  first  was  a 
hard,  brisk  rotation.  The  pulse  did  not  seem  to  change  during 
the  rotation.  There  was  no  dizziness  nor  distress.  Only  a  soft, 
soothing  motion  was  experienced,  though  the  saliva  was  pro- 
fuse. During  the  second  rotation  the  pulse  almost  disappeared, 
but  soon  returned  with  fuU  force  and  constricted  arteries.  The 
rate  at  this  time  was  6S.  The  salivary  flow  was  profuse*  and 
there  wag  dizziness  and  commencing  lump-sensation  in  the 
atomach.  When  the  swing  was  stopped  the  subject  felt  that 
he  was  still  turning.  Tactual  impressions  were  the  only  means 
he  had  of  knowing  whether  be  was  moving  or  not.  The  radial 
artery  was  dilated,  and  its  wall  quickly  receded  after  the  up- 
stroke of  the  pulse,  suggesting  the  Corrigan  pulse.  The  subject 
felt  himself  getting  sicker  and  sicker, 


Time,    Pulte-  BIood> 
rate,    preaa. 

L  64      115      2  min.  after  rotatioiL 

P  72      110      3 

Two  rotations  were  given  with  the  eyes  closed  and  the  ears 
plugged.  In  the  first  rotation,  which  was  a  mild  one,  the  stih- 
ject  experienced  dizziness  and  lump-sensation  in  the  stomach. 
He  yawned  much,  and  the  salivary  flow  was  profuse.  In  the 
second  rotation  the  pulse  did  not  disappear,  but  it  became  very 
small  and  scarcely  perceptible.  The  second  aortic  sound  was 
lengthened  and  loud.  The  first  sound  seemed  feeble.  The  up- 
stroke of  the  pulse  was  feeble.  Three  minutes  later  the  rat© 
was  64,  and  the  blood-pressure  115,  and  then  the  second  aortic 
sound  was  clear  and  distinct  as  compared  with  one  minute  pre- 
viously, when  the  pulse  was  feeble  and  the  second  aortic  sound 
almost  inaudible.  There  were  quick  and  wide-ranging  varia- 
tions in  the  blood-pressure.  The  subject  felt  chilly  along  the 
spine,  and  yawned  frequently.  The  salivary  flow  was  profuse. 
No  lump-sensation  was  experienced,  but  there  was  a  constant 
tendency  to  "gag." 


64      115 


3  min.  after  rotation. 

Morphin  sulphate,  gr  16,  hypo. 

Chilly  and  nervous.    Some  nausea. 

Artery  small.     Lump  sensation. 

Eructations.     Pain  in  epigastrium. 

Numbness  in  hands.     Feels  tired. 

First  heart-sound  feeble  and  short,  with  in- 
distinct second  sound.  Feeling  of  tight- 
ness across  forehead.    Slightly  nauseated. 

After  rotation. 


During  the  rotation  the  first  heart-sound  was  scarcely  audi- 
ble. The  second  sound  was  fairly  audible,  but  there  waa  no 
snap  at  the  closure  of  the  valves.  The  pulse  did  not  disappear^ 
but  it  became  very  feeble.  The  subject  became  dizzy  and  nause- 
ated, and  was  on  the  verge  of  vomiting.  Recovery  was  much 
retarded  as  compared  with  other  rotations. 


9:52 

9:53 

72 

110 

9:55 

72 

100 

9:57 

76 

110 

9:59 

72 

100 

10:01 

68 

95 

10:04 

68 

100 

10:05 

68 

106 

10:07 
10:12 


68 
68 


105 
115 


10:14 


10:15 


The  radial  artery  was  not  so  constricted  a» 
previously.    The  first  heart-sound  was  fee- 
ble. There  was  no  pain  nor  lump-sensation 
in  the  stomach.     The  subject  felt  well. 
During  a  rotation  there  was  slight  dizziness,  but  no 
nausea  or  lump-sensation.    The  subject  felt  well,  but 
"the  brain  was  clouded,"    The  pulse  did  not  disap- 
pear.   The  artery  was  small,  and  the  pressure  well 
maintained. 
During  a  rotation  the  subject  was  not  made  dizzy  or 
sick,  and  it  did  not  distress  him  to  look  at  objects. 
The  stomach  felt  well,  but  the  saliva  was  increased. 
A  very  brisk  rotation  was  given,    In  this  rotation  the 
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Bubject's  head  extended  backward  so  that  his  body 
approach&d  the  horizontal  plane.  During  the  rota- 
tion the  subject  felt  no  sickness  or  distress.  The 
pulse  disappeared  at  first,  but  soon  returned.  The 
heart'Sounds  were  fairly  normal,  but  the  rate  was 
considerably  slowed.  One  minute  after  the  rotation 
the  subject  began  to  ^et  sick.  The  lump'Sensation  in 
the  stomach  returned  and  with  it  nausea.  The  subject 
became  sicker  and  sicker,  until  his  wretchedness  be- 
came extreme. 


Thne, 

FuIb«-  Blood 

■jn. 

rAt«. 

pFftSI. 

10:25 

90 

10:26 

96 

10:27 

100 

10:28 

64 

100 

10:29 

64 

105 

10:30 

64 

110 

10:31 

64 

110 

10:34 

10:36 

64 

95 

10:40 
10:41 
10:42 

10:44 
10:45 
10:48 


10:50 
10:53 

10:54 
10:56 
10:57 
11:00 


Nervous. 


Remarki* 

"Heartburn." 


10:37     64     105 


95 

90 

105 


Brain  clouded. 

No  lump-sensation. 

After  rotation.     Artery  extremely  small. 

Dizziness.    Nausea.    Lump-sensation.    On 

the  ver^e  of  vomiting.    Listless.    Wants 

to  lie  down* 
1  min.  after  rotation. 
2 

Atropin  crystals,  gr  1,60,  hypo. 
Mist  over  eyes.  Otherwise  well.   No  nausea. 

No  dizziness. 
Feels  better.    Eyes  clearing". 

well.    No  lump-sensation. 

is  recovering". 


Stomach  feels 
Feels  that  he 


Artery  almost  impalpable. 
Artery  small.     Feels  well,  but  has  slight 
mist  over  eyes. 
64      100      Does  not  feel  well. 

105      Feels  nervous. 
A  rotation  was  given.    The  subject  became  dizzy  and 
nauseated,  and  finally  vomited.     One  minute  before 
vomiting"  occurred  the  arteries  became  contracted  and 
the  blood-pressure  rose  to  120,  but  the  subject  said, 
that  there  had  already  been  some  contractions  of  the 
abdominal   muscles.     After  the  vomiting  the  blood- 
pressure  was  120,  with  extremely  constricted  arteries. 
The  head  felt  lig"ht    The  mouth  was  dry ;  the  heart- 
beats were  strong,   but  irregular   in  rhythm.    The 
Btomach  felt  well,  but  the  subject  felt  nervous  and 
had  ^'heartburn." 
SO      115     After  vomiting. 


64 
68 
60 
68 


105 
105 
110 
110 


A  brisk  rotation  was  given.    The  pulse  disappeared. 
The  ^^qon^  aortic  sound  was  inaudible  at  times,  an^ 
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at  other  times  scarcely  audible.  The  subject  exi)e- 
rienced  no  dizziness,  and  only  slight  nausea.  His  vol- 
untary muscular  power  seemed  to  be  grood.  Duringr 
the  rotation,  the  eyes  were  the  chief  source  of  dis- 
tress»  He  experienced  some  lump-sensation  in  the 
stomach  at  times,  and  at  other  times  he  was  quite 
free  from  it.  Recovery  was  somewhat  retarded.  The 
subject  felt  nervous* 


Remu-kt. 


/.  Has  no  nausea.  Stom- 
ach feels  well.  Voluntary  muscular  power 
is  good. 


Time,    Pube- Blood. 

a.in.      rftte. 

preu. 

11:04      .. 

85 

After  rotation. 

11:05     ,. 

106 

If 

11:06     60 

95 

tt 

11:07     .. 

100 

M 

11 :  08     60 

100 

i< 

11:09     .. 

, . 

Feels  dull  and  h 

7:15 
8:45 
8:46 
8:51 


8:56 


9:04 


9:07 


9:12 


14a,— On  "S,"  February  21,  1009 

Bromid  of  potassium,  gr  Ix,,  per  as* 
80      110     Normal  standing. 
76      110 
Rotation.    Slight  dizziness.    Pulse  did  not  disappear. 

Saliva  increased.     Eyes  distressed  subject. 
64      120      After  rotation. 
72      120 
Rotation.    Very  dizzy.    Nauseated ;  salivary  flow  pro- 
fuse. Pulse  did  not  disappear^  but  arteries  contracted 
and  dilated.   The  blood-pressure  varied,    FHilse  of  the 
Corrigan  tjrpe  at  times. 
68      120     After  rotation. 
64      105 
Rotation.    Pulse  did  not  disappear,  but  the 
artery  became  very  small     Very  dizzy.    No 
sensation.    Eructations.    Distress  in  eyes. 
72      120      After  rotation. 
72      115 

Rotation.    Dizziness,  heartburn,    eructations, 
did  not  disappear.  Rapid  fluctuation  in  pressure,  which 
was  aa  low  as  90  at  times.    The   sabject's   distress 
quickly  disappeared,  although  the  fluctuations  in  the 
blood-pressure  persisted. 
64      115      After  rotation. 
68      110 

Rotation.  Very  sick  and  dizzy.  Eructations,  flatus. 
Twitching  in  the  left  upper  eyelid.  Saliva  profuse. 
Lump-sensation,  Recovery  quick.  Pulse  did  not  dis- 
appear, but  was  very  small  Subject  w»9  cbiUy  and 
MX  M  if  going  to  vomit. 


radial 

lump' 


Pulse 
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tfble  than  usual  to  the  effects  of  rotation.  The  mere 
thought  of  the  swing  made  hira  wretched.  The  pulse 
did  not  disappear.  The  time  allowed  between  the  ad- 
ministration of  dig-italin  and  the  rotationa  was  per- 
haps insufficient  to  secure  full  action  of  the  drug. 


Time,    Pulse-  BJood- 
a.in.      rate,    press. 

76      ICM) 


He  marks. 


After  rotation. 


9:15 


9:57 
9:58 


15.-0n  "S,"  February  32,  1900 

76      115      Normal,  standing-. 

72      115 

Rotation.  Radial  artery  dilated  during  rotation.  Dizzy* 
Pulse  did  not  disappear.  On  stopping  the  swing  ex- 
ternal objects  seemed  to  move  in  the  direction  oppo- 
site to  that  of  the  rotation.  Just  after  the  rotation 
the  radial  artery  became  small* 

68      120      After  rotation. 

Rotation.     Dizziness,  but  no  nausea  or  sick- 
ness.   Pulse  did  not  vary  much. 

68     110      After  rotation. 

Rotation.  Dizzy,  nauseated,  lump-sensation,  on  the 
verge  of  vomiting.  Saliva  profuse.  Recovery  slow. 
Beginning  to  feel  nervous.  Pulse  remained  and  was 
large  and  soft.  After  the  rotation  the  radial  artery 
contracted  and  dilated,  and  the  blood-pressure  varied 
from  moment  to  moment,  being  at  times  as  low  as  90, 
The  subject  felt  sick  and  wretched.  He  was  chilly 
and  nervous,  yawning  from  time  to  time. 

68     125      After  rotation* 

64      115 

64      115 

68      120 

..     no 

.,       115 

..       110 

80      110 

Rotation.  Very  dizzy.  On  the  verge  of  vomiting. 
Heartburn.  Saliva  profuse.  Hiccough  (after  pres- 
sures were  taken).  Pulse  became  very  small  and 
hard.    Eructations,  lump  sensation,  grogginess- 


120 
105 
110 
105 
115 

no 

105 


After  rotation. 


Normal,  chilly,  nervous. 
Pulse  irregular  in  rhythm. 
Hyoscyamin,  gr  1/100,  hypa 
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Timet 

9:59 
10:45 


11 
11 
11 
11 
11: 
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PuIk-  Blood' 
rate,    presft. 

56   100 


10:46 

10:60 

10:54 
11:00 


11:02 
11:03 
11:04 
11:06 
n:07 
U;17 


18 
19 
20 
21 
37 


52 
60 


100 
100 


Rem  Aril  E 


Pulse  irregular  m  rhythm,  especially  on  deep 
inspiration.  Feels  chilly.  Temperature  of 
air  m""  F. 

Normal  standing. 


Rotation.  Dizziness.  Heavy  feeling-  across  forehead. 
Pulse  slow  and  feeble.  Pupils  contracted.  No  nausea 
or  sickness.  External  objects  seemed  to  move  about 
the  aubject's  body  in  the  horizontal  plane. 

Rotation.  Very  dizzy.  Momentarily  nauseated.  No 
lump-sensation.  No  excess  of  saliva.  Recovery 
prompt. 

62      100      After  rotation. 

52      110 

56      110 

Rotation  prolonged  and  brisk,  with  reversals.  Dizzy  at 
reversals,  but  the  feeling  passed  off  immediately. 
Toward  the  end  the  subject  felt  as  if  he  would  fall 
out  of  the  swing.  Slight  mist  before  eyes.  Momen- 
tary nausea  after  each  swing.  After  the  rotations 
the  subject  had  eructations  and  heartburn,  and  felt 
sick.  In  a  moment,  however,  he  felt  well,  but  had 
intimations  of  an  oncoming  headache.  He  had  a  faint 
feeling  in  the  stomach  as  if  he  had  indigestion*  but 
there  was  no  accompanying  feeling  of  wretchedness. 
He  had  not  the  usual  feeling  of  exhaustion.  He  had 
no  dread  of  the  awing  "because  there  was  no  feeling 
to  it"  after  the  hyoscyamin. 


52 
52 
52 
60 
56 


80 

95 

105 

110 

100 


After  rotation. 


Rotation.  As  the  awing  stopped  the  subject  was  on  the 
verge  of  vomiting.  The  usual  symptoms  were  pres- 
ents viz. ;  dizzineas,  heaviness  in  head,  lump  sensa- 
tion in  stomach,  increased  saliva.  The  pulse  diaap- 
peared  during  the  rotation,  and  the  second  aortic 
sound  was  almost  inaudible.  Recovery  was  prompt. 
The  subject  felt  chilly,  but  was  not  nervous. 


56  95 
56  100 
52  95 
95 
Rotation. 


After  rotation. 


Dizzy.  Inclined  to  vomit.  Lump-aensation. 
Recovery  slow.  Slight  heartburn.  Beginning  to  fear 
swing.  During  the  rotation  the  pulse  disappeared  at 
the  wrist,  but  the  aortic  second  sound  was  more  pro- 
nounced and  snappy  than  before  the  rotation. 
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Time.   Fulae-  Blood- 

a-m.      iBte.    i^resa. 

11 :  38      . .       lOO 

After  rotatioo 

11 :  39     64       95 

»i 

E«markft. 


The  rotations  given  after  hyoscyamin  were  long  and 
brisk  as  compared  with  the  rotations  griven  before  the 
hyoeyamin,  and  yet  the  subject  readily  recovered 
from  their  effects.  When  the  arteries  were  extremely 
contracted  the  blood-pressure  apparatus  was  ineffi- 
cient. An  accentuated  second  aortic  sound  was  re- 
peatedly found  to  accompany  an  almost  impalpable 
radial  pulse. 


16.— On  <*B,"  February  22,  1909 


26 

DO 


10:04 


10:08 


10:10 


12 
13 
19 


10:21 
10:22 
10:23 
10:24 
10:39 
11:39 


72      105 

76      105 

72      105 

Rotation, 

to  eyes. 


Potassium  bromid  gr  lx.»  per  oa. 

Normal.    Watery,  metallic  taste  in  mouth. 


Dizzinesa  and  distress,  especially  referable 
No  sick  feeling  on  reversals.  On  looking 
up  and  down,  external  objects  seemed  to  move  with 
a  wavy  up-and-down  motion.  Slight  Jump^aenaation 
in  stomach. 

Rotation.  Pulse  showed  little  variation  and  did  not 
disappear.  During  the  rotation»  looking  overhead 
caused  extreme  dizziness.  Lump-Hens  a  ti  on.  Recov- 
ery prompt,  but  subject  is  afraid  of  the  swing. 

Rotation.  On  the  verge  of  vomiting,  but  no  feeling  of 
wretchedness  and  no  dread  of  the  swing.  The  subject 
was  satisfied  to  go  on  with  the  rotations  until  vomiting 
should  occur.  Recovery  prompt.  Odour  of  tobacco- 
smoke  not  offensive.  Lump-sensation  referred  to  the 
stomach.  The  pulse  did  not  disappear  during  the  ro- 
tation»  but  the  artery  was  contracted. 

80      120      After  rotation. 

76      100 

Rotation.  Lump-sensation.  On  the  verge  of  vomiting. 
Onl  y  a  si  igh  t  fee  I  in  g  of  sf  ckneaa .  Not  afraid  of  s  w  i  ng. 
No  mental  depression.  Odour  of  tobacco-smoke  nause- 
ates.    Eructations. 


72 


100 
105 
115 
110 


After  rotation* 


Hyoscyamin,  gr  1/100.  hypo* 
Lump- sensation.     Very  dizzy,  on  the  verge  of  vomit- 
ing.   Recovery  prompt,  but  lump-sensation  persisted. 
Mouth  not  dry.    Pulse  66  at  11 :  40,  11 :  42,  and  11 :  43. 
The  rotations  given  after  the  bromid  would,  under  ordi- 
nary circumstances,  have  sickened  the  subject.    The  absence 


^M 

p 

■ 

^^^162 

SEMICIRCULAR   CANALS                      V| 

^H           of  psychic  depression  and  fear  of  the  swin^  were  noteworthy,        1 
^H           and  must  be  attributed  to  the  effect  of  the  hromid.                             | 

^H                 The  rotation 

given  after  hyoscyamin  was  of  the  same  du-        I 

^^M           ration  and  intensity  as  the  rotations  driven  the  same  subject  on        | 

^^M           another  occasion 

after  atropin,  when  no  disacrreeable  effects        1 

^H           were  suffered.    It  should  be  remembered,  however,  that  on  that 

^^M           occasion  the  subject  had  previously  vomited.    This  fact  tends 

^H           to  offset  somewhat  the  apparent  superiority  of  atropin  in  pre- 

^H           venting  rotation  sickness. 

17a,-Oii  «S,"  May  21,  1909                         ^J 

^^M                "Time, 

Pube-  Blood- 

ReniRrkB.                                            ^^^^^| 

^^m                 turn. 

mte. 

prenfl. 

^B             9:56 

64 

105 

Normal p  sitting.                                            ^H 

^^H 

68 

105 

^m 

^^M 

64 

105 

^m 

^M           10:09 

52 

105 

Lying  on  back  in  swing.                               ^^M 

^^H 

56 

105 

^m 

^^M 

52 

105 

^^^^H 

^^H 

52 

105 

i^^^^H 

^1           10:38 

52 

90 

After  double  rotation  in  coronal  plan^v        ^^1 

^M           10:54 

52 

90 

^^^H 

^^m 

48 

90 

1  min.  after.                                                  ^^M 

^^m 

48 

95 

^M 

^^H 

48 

95 

^M 

■          11:01 

52 

95 

Resting.                                                             ^H 

^^H 

48 

95 

.H 

^^H 

48 

100 

^M 

^M           11:04 

44 

95 

After  bard  rotation  in  coronal  plane.           ^^1 

^B           11:05 

44 

95 

^m 

^m           11:06 

44 

95 

H 

H            11 :  07 

44 

59 

■ 

^B            11:10 

44 

85 

^m 

^B                  11 

48 

90 

■ 

^1            11 :  12 

44 

100 

^m 

^M            11 :  13 

44 

105 

^m 

^1 

48 

115 

^M 

^1           11:18 

48 

105 

H 

^M           11:19 

48 

105 

■ 

^M           11:20 

48 

105 

■ 

^B^     11:21 

48 

105 

■ 

^B 

17b— On  "S,"  Juno  6,  1900                           ^^ 

^1            7:20 

•• 

., 

Atropin  sulphate,   gr  1,'75,     Strychnin  ni-        1 
trate,  gr  1  40,  both  hypo.                                     J 

^^^ 

120 

110 

After  mild  exercise.                                              J 

108 

110 

_^^H 

^^^^H 

108 

110 

^^H 

^ 

100 

■ 

no 

^^H 
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Thne, 

a.m. 

9:18 

9:19 

9:22 

9:23 

9:27 

9:28 

9:30 

9:31 

9:32 

9:33 

9:37 

9:38 

9:39 

9:40 

9:41 

9:50 

9:51 

9:52 

10:10 

10:11 

10:12 

10:13 

10:14 

» 10:15 

10:16 

10:20 


PuIm- Blood, 
rate,  press. 

72  95 
95 
105 
105 
95 
100 
105 


64 

60 

60 

60 

60 

64   105 

56   95 


56 
56 
60 


60 
56 
52 
56 
56 
56 
56 
56 
56 
56 
56 
80 


100 

95 

100 


60   110 
60   105 


105 

90 

95 

100 

115 

115 

110 

105 

115 

105 

115 

90 


Remarks. 

After  rotation  in  corona]  plane. 


Restinsr. 


Asleep. 


After  rotation  in  coronal  plane 

Asleep. 
«« 

After  rotation  in  coronal  plane. 


Restinsr. 


CHAPTER  XI 

THE  EFFECTS  OF  ROTATION  UPON  THE  DIGESTIVE 
APPARATUS 


A  very  constant  effect  of  rotations  was  stasis  of  the 
Btomach  contents.  Numerous  test  meals  were  given,  both 
with  and  without  drugs,  and  in  no  instance  was  there 
evidence  of  even  liquids  escaping  into  the  intestine.  On 
the  other  hand,  the  cardiac  sphincter  was  usually  relaxed, 
for  eructations  were  frequent.  In  all  the  rotations  per- 
formed with  the  subject  sitting  upright,  i.e.,  alK)ut  the 
long  axis,  the  amount  of  chyme  withdrawn  one  hour,  in 
some  instances  two  hours,  after  an  Ewald  test  meal  (con- 
Bisting  of  two  ounces  of  bread  and  eight  ounces  of  water), 
was  always  some  ounces  in  excess  of  what  had  been  in- 
gested. In  these  rotations  it  was  noticeable  that  the  sali- 
vary flow  was  always  increased,  with  marked  nausea,  and 
at  times  a  perversion  of  the  sense  of  smell.  In  the  rota- 
tions with  the  subject  lying  liorizontally,  when  the  rota- 
tion was  in  the  sagittal  plane  the  saliva  was,  in  some  in- 
stances, still  vsomewhat  increased,  and  the  chyme  withdrawn 
excessive  in  amount  (e.g.,  J-xi^O*  Nausea  and  distress 
referable  to  the  stomach  were  not  a  feature  in  sagittal 
and  coronal  rotations,  but  the  stomach  was  profoundly 
affected,  as  shown  by  the  fact  that  the  subject  vomited 
when  he  left  the  swing.  In  horiaiontal  rotations  in  the 
coronal  plane,  and  in  mild  rotations  in  the  sagittal  plane^ 
the  amount  of  chyme  withdrawn  was  considerably  dimin- 
ished, compared  with  that  withdrawn  after  rotations  in 
other  planes,  and  this  in  spite  of  the  fact  that  in  some 
instances  the  K  I  and  salol  testa  showed  the  absence  of 
jodin  from  the  saliva,  and  of  salol  from  the  intestine.  In 
these  cases  it  was  evident  that  the  diminished  amount  of 
chyme  was  to  be  attributed  to  the  absence  of  increased 
salivary  iloWj  or  to  diminished  secretion  from  the  stomach 
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mucous  membrane.  On  tlie  other  hand,  in  one  rotation  in 
the  supine  postnre,  find  in  the  coronal  plane,  there  seemed 
to  be  a  good  deal  of  stomach  iibsorption,  because  the  K  I 
test  was  positive  in  26  minutes,  whereas  the  ealol  test  was 
negative  just  after  the  hour's  rotation,  and  the  chyme  con- 
siderably reduced  (Siv).  Here,  evidently,  the  accretion  to 
the  stomach  contents  was  less  than  the  loss  by  absorption. 
In  these  rotations  in  the  supine  posture  there  was  no 
nausea  and  no  increased  flow  of  saliva.  It  is  evident  that 
during  the  rotations,  and  Bonie  of  them  were  of  two  hours' 
duration,  noticing  passed  the  pylorus,  Eotation  is  all 
powerful  in  keeping  the  lower  opening  of  the  stomach 
closed.  The  rotations  in  the  upright  (sitting)  posture  had 
to  be  very  mild  in  order  that  the  test  meal  should  be  re- 
tained. Much  less  care  had  to  be  taken  in  the  rotations 
in  the  sagittal  plane,  whilst  in  the  rotations  in  the  coronal 
plane,  w'ith  the  subject  lying  on  tlie  back,  no  amount  of 
rotation  could  sicken  this  particular  subject's  stomach. 

The  lirm  and  protracted  closure  of  the  pylorus  in  rota- 
tions is  to  be  explained  by  irritation  of  the  vagus  centre. 
If  the  vagus  be  divided  in  the  neck,  there  follows  loss  of 
muscle  tonus  in  the  stomach,  though  all  contractions  do 
not  disappear.  Stimulation  of  the  peripheral  stump  aug- 
ments the  vigour  of  the  contractions  of  the  muscles  of  the 
antrum  pylori,  and  causes  an  increase  of  tonus  in  the 
muscles  of  the  fundus,  as  well  as  an  increase  of  the  contrac- 
tion of  the  pyloric  and  cardiac  sphincters.  Occasionally 
Btimulation  of  the  peripheral  stump  of  the  cut  vagus  may 
cause  a  primary  rehixation  or  inhibition  of  short  duration 
of  one  or  all  of  these  structures  before  the  augmentation 
tonus  begins,  A  similar  inhibition  can  be  caused  reflexly 
by  stimulation  of  the  central  stump  of  the  cut  vagus. 
This  elfect  is  absent  if  tlie  opposite  vagus  be  divided. 
Hence,  the  vagus  has  inhibitor  and  augmentor  fibres,  and 
afferent  as  well  as  etTerent  paths,  for  the  reflex  control  of 
the  gastric  musculature. 

Similarly,  it  can  be  shown  that  in  the  splanchnic  nerve 
there  are  inliibitor  and  augmentor  fibres  for  the  stomach 
muscles.  Stimulatiou  of  the  iieripheral  end  of  the  divided 
splanchnic  causes  inhibition  of  peristalsis  and  loss  of  tone. 
The  cells  and  filircs  of  Meissner's  and  Auerbach's  plexuses 
abo  act  as  a  coordinating  mechanism,  for  the  isolated  dog's 


Btomach  exhibits  rhytiimic  movements  for  1  to  1^4  hours. 
The  cardiac  sphincter  remains  closed  normally^  partly  from 
inherent  causes,  for  the  closure  persists  for  24  hours  after 
the  severance  of  all  nerves.  This  sphincter  relaxes  at  the 
beginning  of  swallowing,  and  on  stimulation  of  the  glosso- 
pharyngeal nerve.  Whether  the  relaxation  is  due  to  inhibi- 
tion of  the  centre  maintaining  tonus,  or  to  stimulation  of 
the  inliibitory  centre^  is  a  question  that  has  not  yet  been 
satisfactorily  demonstrated.  In  the  isolated  pig^s  stomachy 
the  cardiac  and  pyloric  sphincters  remain  closed  for  several 
hours. 

The  general  contractions  of  the  stomach  and  intestine 
are  therefore  inhibited  and  augmented  by  the  central 
nervous  sj^atem  through  the  sphinclinic  and  vagus  nerves. 
The  chief  effect  of  stimulation  of  the  splanchnic  being 
inhibition  or  diminished  tonus,  whilst  the  chief  effect  of 
strong  vagus  stimulation  is  augmentation  of  contraction. 

Bayliss  and  Starling^*  consider  the  rh}i:hmic  contrac- 
tions of  the  intestines  (including  the  stomach)  as  myo- 
geniCj  and  propagated  from  fibre  to  fibre,  and  that  peris- 
taltic contractions  are  reflex  in  character^  the  coordination 
being  carried  out  by  the  local  nerve  mechanisms  initiated 
by  stimulation  of  the  intestine  from  within.  Whether  this 
is  80  or  not,  the  contractions  of  the  stomach  and  intestines 
are  augmented  and  inhibited  by  the  central  nervous 
system  through  the  vagus  and  splanchnic  respectively 
(Briibaker'^^). 

The  most  plausible  explanation  of  the  mechanism  of 
the  opening  of  the  pylorus  is  that  based  on  the  action  of 
local  coordinating  centres  stimulating  the  longitudinal 
muscle  fibres,  which,  in  the  region  of  the  pylorus,  aro 
collected  into  thickened  bands  situated  in  front  and  behind, 
and  called  the  pyloric  ligaments,  though  they  contain  no 
white  fibrous  tissue.  These  longitudinal  muscle  strands 
traverse  the  pyloric  muscle,  which  is  merely  a  thickening 
of  the  circular  elements,  and  pass  to  the  duodenum.  It  is 
assumed  that  in  contracting,  these  longitudinal  bands 
dilate  mechanically  the  circular  pyloric  ring,  being  aided 
by  reciprocal  inhibition  of  the  pyloric  circular  fibres.  It 
can  be  readily  seen  how  augmentation,  or  failure  of  inhibi- 
tion of  the  circular  coat,  could  overnuister  this  delicate 
mechanism,  andj  as  the  closed  condition  is  the  normal  on© 


for  the  pylorus,  the  effect  of  irritatioii  of  the  vagus  centre 
would  be  to  keep  it  closed.  This  closed  state  of  the  pylorus 
and  the  delicate  reflex  mechanism  by  which  relaxation  oc- 
curs are  to  be  considered  as  defences  of  the  organism 
against  noxious  substflnce.=^,  e.g.,  improperly  digested  food, 
etc.,  reaching  the  intestine,  where  they  might  work  serions 
injury.  The  resistance  of  the  stomach  to  all  sorts  of  insult 
is  a  matter  of  daily  clinical  experience.  The  stomach  has, 
moreover,  in  the  chemical  constitution  of  its  specific  secre- 
tions, the  power  to  cope  with  pathogenic  organisms.  It  is 
therefore  considered  more  in  the  nature  of  a  reservoir  for 
fcrod  rather  than  as  a  digestive  organ^  although  there  is 
too  much  tendency  at  the  present  time  to  underestimate 
the  importance  of  its  digestive  functions,  no  doubt  be- 
cause they  are  not  sufficiently  understood-  In  rotations, 
the  cfoBure  of  the  pylorus,  or  rather  its  failure  to  relax 
and  open,  is  therefore  due  to  irritation  of  the  vagus  centre 
and  to  simultaneous  inhibition  through  the  Bplanchnic 
fibres.  It  may,  perhaps,  be  considered  in  the  nature  of 
a  defensive  act  on  the  part  of  the  organism,  in  part 
caused,  and  in  part  necessitated,  by  the  diminished  acidity 
that  usually  accompanies  it.  However,  closure  of  the 
pylorus  (impaired  motility)  may  be  present  without  a  de- 
ficiency of  acid,  and  frequently  occurs  in  irritated  and 
depressed  states  of  the  central  nervous  system.  Most  dys- 
pepsias, especially  those  classed  as  "nervous,''  have,  like 
rotation  sickness,  their  origin  in  fatigue-irritation  of  the 
cerebral  and  medullary  mechanisms  controlling  gastric 
motility  and  secretion.  The  only  dilTerence  is  in  the 
degree  and  manner  of  production.  We  have  seen  that 
vomiting  in  severe  states  of  circulatory  depression  is  fre- 
quently a  potent  means  of  restoring  the  blood-supply  to  the 
medullary  centres.  The  lirm  closure  of  the  pylorus,  with 
its  accompanying  nausea  and  increased  salivary  flow,  is 
but  a  step  preparatory  in  the  studied  sequence  of  nature's 
def-ences. 

Contractions  of  the  stomach,  intestinea  and  bladder 
have  been  observed  by  Budge  and  Valentine  ^°  to  follow 
irritation  of  the  corpora  quadrigemina.  Tlicse  phenomena 
were  regarded  by  Ferrier  ®  as  one  of  the  ordinary  effects 
of  sensory  stimulation.  Cannon  *^  has  shown  on  cats 
that^  after  bilateral  splanchnic  section,  there  is  no  change 
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in  the  movements  of  the  alimentary  canal,  whilst  after 
vagns  section  there  were  primary  twitchings  in  the  starting 
of  gastric  peristalsis,  with  marked  weakness  of  peristaUie 
contractions,  retarded  and  elow  discharge  through  the 
pylorus,  especially  when  proteids  were  fed,  and  slow 
passage  through  the  small  intestine.  Following  combined 
section  of  the  splanchnics  and  vagi,  there  were  gastric  per- 
istaltic waves  from  the  first,  causing  deep  (normal)  con- 
striction, which  persisted  even  at  autopsy.  At  first,  as 
in  vagus  section,  there  was  retarded  discharge  through  the 
pjlonis,  with  later  partial  recovery  toward  the  normal 
when  the  proteid  discharge  was  more  nearly  normal  tlian 
when  the  vagi  alone  w^ere  cut.  Ehythmic  segmentation  of 
the  intestine  was  observed  in  every  condition  of  nerve 
section.  There  was  rapid  discharge  of  carbohydrate  and 
slow  discharge  of  proteid  from  the  stomach  after  vagus, 
splanchnic  and  combined  vago-splanchnic  section.  Hence 
the  differential  discharge  of  proteids  and  carbohydrates  is 
confined  to  a  local  mechanism. 

Aucr/*  working  with  rabbits,  found  on  bilateral  sec- 
tion of  the  splanchnics  that  the  stomach  showed  initial 
weak  movements  in  thirty  minutes.  Normal  pcristalsii 
set  in  only  after  two  days.  The  operation  was  severe,  most 
of  the  animals  dying  in  a  few  days.  Following  sub- 
diaphragmatic section  of  both  vagi,  the  initial  signs  of 
stomach  movements  appeared  in  about  tw^o  hours,  and 
normal  peristalsis  not  until  after  two  days. 

Rabbits  recover  well  from  this  operation*  but  are  likely 
to  develop  gastric  ulcer  at  the  pre-antral  sphincter  on  the 
lesser  curvature. 

After  combined  section  of  the  splanchnics  and  vagi,  the 
initial  peristalsis  appeared  in  less  than  thirty  minutes. 
This  peristalsis  was  slow  in  rate,  but  almost  normal  in 
strength.  Peristalsis,  normal  in  rate,  rhytlmi  and  strength, 
appeared  only  after  one  or  two  days,  and  then  the  gastric 
waves  tended  to  occur  in  groups.  Rabbits  usually  recover 
well  from  this  operation,  the  mortality  Imng  less  than  after 
splanchnic,  but  greater  than  after  vagus  section,  Tho 
rabbits  that  recover  have  a  greater  mortality  than  normal 
rabbits,  because  of  reduced  general  resistance.  Only  a 
slight  degree  of  reflex  inhibition  of  the  stomach  could  be 


got  through  the  vagi,  whilst  complete  reflex  inhibition  was 
obtained  only  when  the  splanchnics  were  intact. 

After  any  section,  the  iirst  eigns  of  peristalsis  were  seen 
in  the  pj^loric  third.  The  contractions  occurred  at  normal 
intervals,  but  were  weak  and  did  not  originate  in  the  mid- 
dle third  of  the  stomach.  These  tirst  signs  of  motility 
occurred  during,  or  at  the  end  of  the  operation,  but  normal 
peristalsis  appeared  only  ranch  later. 

That  the  vagus  has  some  inhibitory  fibres  had  already 
been  shown  by  Langley,®^  Meltzer,*"^  May,^*  and  Cannon:*^ 

After  eection  of  the  splanchnics^  Auer  found  it  im- 
possible to  stop  gastric  movements  by  any  stimulation 
which  was  effective  when  the  splanchnics  were  intact,  with 
or  without  vagus  section. 

This  was  in  corroboration  of  Cannon  and  Murphy,** 
who  got  inhibition  of  stomach  movements  through  the 
gplanchnics, 

Auer's  experiments  furnish  no  information  for  or 
against  the  assumption  made  by  Morat/^  that  the  splanch- 
nics have  a  motor  function. 

It  will  he  noted  that  Auer  saw  norma!  stomach  peristal- 
sis only  after  one  or  two  days  following  bilateral  splanchnic 
section,  whereas  Cannon  ^^  *  ^^  saw  no  change  from  the 
normal  movements.  Similarly,  after  combined  vago- 
splanchnic  section  Cannon  saw  normal  peristalsis  from  the 
tfrst  in  cats,  whilst  Auer,  in  rabbits,  saw  it  only  after  one 
or  two  days.  Cannon's  animals,  after  bilateral  vagus  sec- 
tion, were  never  so  strong  as  those  in  which  the  splanchnics 
had  been  cut.  Those  in  which  the  vagi,  or  the  eplancbnics 
and  vagi,  had  been  cut,  were  asthenic.  Auer,  however, 
found  that  in  rahhits,  section  of  the  splanchnics  was  more 
severe  than  section  of  the  vagi,  or  of  the  vagi  and  splanch- 
nics. 

From  these  somewhat  conflicting  results,  it  is  evident 
that  the  vagus  carries  mainly  motor  influence  to  the  stom- 
ach, and  that  after  section  of  the  vagi  the  discharge  of  food 
through  the  pylorus  was  .^low  and  retarded.  These  facts, 
however,  do  not  warrant  the  conclusion  that  stimulation  of 
the  vagus  would  necessarily  open  the  pylorus,  or  facilitate 
the  passage  of  food  into  the  dnodenum.  Many  competent 
observers  have  found  gastric  inhibitorjr  fibres  in  th§  vagus 


which  may  play  an  important  part  in  the  stasis  of  fc 
content  that  accompanies  rotations.  It  will  be  noted  that, 
in  spite  of  this  food  stasis,  the  gastric  musculature  was  in 
a  Btate  of  hyperactivity  during  the  rotations,  as  manifested 
by  frequent  eructations  the  "  lump-sensation "  referred 
mainly  to  the  pyloric  region,  and  occasional  crampj  pains 
referred  mainly  to  the  cardiac  end.  Coincident  with  the 
irritation  of  the  vagus  centres  from  rotations,  there  may 
have  been  irritation  also  of  the  centres  related  to  the 
splanchnics.  As  impulses  arriving  at  the  pylorus  from 
these  sources  tend  to  counterbalance  each  other,  and  as 
normally,  the  pylorus  is  in  a  state  of  tonic  closure,  it 
would  be  expected  that  it  should  remain  closed  as  the 
result  of  rapid  rotations.  Moreover,  the  delicate  local 
mechanisms  of  the  pylorus,  which  seem  endowed  with 
almost  preternatural  powers  of  discrimination,  play  an  im- 
portant part  in  preventing  the  discharge  of  poorly  prepared 
gastric  contents  into  the  duodenum.  In  addition,  there  is 
diminished  hydrochloric  acid  content,  and  hydroehloTic 
acid  is  believed  by  many  to  be  the  immediate  exciting 
stimulus  in  the  normal  reflex  opening  of  the  pylorus. 
Afferent  impulses  through  the  vagus  from  the  gastric 
mucosa  also  play  an  important  role.  To  these  we  most 
attribute  a  large  share  in  the  maintenance  of  pyloric 
closure  during  rotations.  These  afferent  vagus  impulses 
undoubtedly  are  involved  in  the  production  of  nausea, 
which,  with  closure  of  the  pylorus,  initiate  the  sequence  of 
phenomena  that  culminates  in  vomiting. 

The  segments  of  the  cord  from  which  spring  the  sixth 
to  the  ninth  thoracic  nerves  are  in  relation  with  tlie  stom- 
ach. It  is  from  the  cells  of  the  grey  matter,  especially  the 
central  portion,  of  these  segments  (spinal  vaso-motor 
centres) ,  that  the  A'aso-motor  nerves  for  the  stomach  spring. 
Stimulation  of  the  gastric  branches  of  the  vagus  has  been 
observed  by  Rutherford  ^^  to  cause  congestion  of  the  gastric 
mucous  membrane^  but  Burton-Opitz  **  has  shown  that  no 
vaso-motors  for  the  stomach  run  in  the  vagus.  The  un- 
doubted vascular  congestion  that  accompanies  the  later 
stages  of  rotation  sickness  seems,  therefore,  to  be  due  to 
exhaustion  of  the  vaso-motor  mechanisms,  causing  dilation 
of  the  vessels  of  the  splanchnic  area,  coupled  with  pallor 


and  extreme  contraction  of  the  vessels  supplying  the  Bur- 
face  of  the  body. 

Pawlow  "^  has  shown  experimentally  that  secretory 
fibres  for  the  gastric  juice  are  contained  in  the  vagus.  He 
divided  the  oesophagus  in  the  neck  and  sutured  the  divided 
ends  to  the  skin,  thus  making  two  fistulous  openings. 
Later,  when  the  animal  was  fed,  the  swallowed  food  was 
discharged  through  the  upper  fistula  without  entering  the 
stomach.  Pawlow  found  that  Buch  a  eham  meal  caused 
an  abundant  flow  of  gastric  juice  so  long  as  the  vagi  were 
intact,  but  that  no  flow  was  observed  when  the  vagi  were 
cut.  Evidently,  therefore,  the  sensation  of  taste,  odour, 
etc.,  developed  during  mastication  and  swallowing,  set  up 
reflexly  a  stimulation  of  the  secretory  fibres  in  the  vagus. 
Pawlow  has  called  the  secretion  produced  in  this  way 
psychic  secretion,  which  implies  that  the  reflex  is  attended 
by  conscious  perception.  These  experiments  further  illus- 
trate the  close  relation  between  the  cerebral  motor  cortex 
and  gastric  function.  Psychical  secretion,  when  once 
started,  may  continue  a  long  time  after  the  initiating  stim- 
ulus (e.g.,  eating)  has  ceased.  This  is  due  to  the  fact 
that  substances  known  as  secretogogues  are  contained  in 
the  food  and  in  the  products  of  digestion.  The  action  of 
secretogogues  is  not  as  yet  completely  understood.  It  is 
known,  however,  that  they  can  produce  their  effect  after 
severance  of  all  the  nervous  connections  of  the  stomach, 
Edkins,®^  treating  the  pyloric  mucous  membrane  as  Bayliss 
and  Starling  ^^  had,  similarly  treated  tlie  mucous  mem- 
brane of  the  jejunum,  i.e.,  by  boiling,  extracting  with  acids, 
glycerin,  etc.,  found  that  decoctions  and  extracts  of  the 
pyloric  mucous  membrane  when  injected  into  the  blood 
caused  a  marked  secretion  of  gastric  juice,  whereas  mere 
secretogogues  injected  into  the  blood  had  no  such  effect. 
Edkins  therefore  suggests  that  secretogogues,  whether  pre- 
formed in  the  food  or  formed  during  digestion,  act  upon 
the  pyloric  mucous  membrane  and  form  a  substance  called 
gastrin,  or  gastric  secretin,  similar  to  the  corresponding 
secretin  for  pancreatic  secretion,  which  Bayliss  and  Star- 
ling^' had  demonstrated  as  being  formed  in  the  small 
intestine.  This  gastric  secretin,  after  absorption,  is  carried 
by  the  blood  to  the  gastric  glands  in  the  middle  third  of 
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tlie  stomach,  and  atiraulate  them  to  activity  by  direct 
action.  StarUng  ^^  emplHisizcB  the  fact  that  this  mode  of 
control  is  frequently  employed  in  the  body,  and  suggests 
the  name  korutones  (from  Sprtant^  arouse  or  excite)  for 
Buch  substances. 

Direct  stimulation  of  the  peripheral  end  of  the  cnt 
"vagus  causes  secretion  of  the  gastric  juice  only  after  a 
long,  latent  period.  The  long  jntency  is  possibly  due  to 
the  presence  in  the  vagus  of  inhibitory  fibres  for  the  gastric 
glands.  These  fibres  being  simultaneously  stimulated  with 
the  secretory  fibres,  retard  the  action  of  the  latter. 

In  rotations,  the  diminished  secretion  of  gastric  jaice 
depends  upon  a  perversion  or  suppression  of  all  the  activi- 
tiee  involved  in  the  normal  secretion.  Thus,  the  subject 
knew  he  was  going  to  be  rotated  and  made  uncomfortable, 
and  the  meal  was  not  very  appetizing  (bread  and  water). 
These  circumstances  are  very  unfavourable  for  the  psychi* 
cal  secretion.  Then  the  meal  did  not  contain  preformed 
secretogogues,  as  water  and  bread  are  poor  in  these  sub- 
stances, being  in  marked  contrast  with  meat  extracts  in 
this  respect.  Moreover,  the  initial  effect  of  vagus  irrita- 
tion being  inhibition  of  secretion,  the  immediate  eflfect  of 
rotations  upon  the  vagus  centre  may  be  assumed  to  be  also 
inhibition  of  gastric  secretion. 

It  should  also  be  remembered  that  the  general  tendency 
of  strong  irritation  of  the  labyrinthine  receptors  is  toward 
a  sickening  of  the  stonuich  with  nausea,  mental  and  physi* 
cal  depression,  and  vomiting.  Such  stimulation  could 
hardly  favour  the  secretion  of  normal  gastric  juice.  The 
pylorus  is  also  in  a  state  of  spasm,  which  tends  to  prevent 
the  formation  of  gastric  secretin  by  the  action  of  whatever 
secretogogues  may  have  been  formed  in  the  progress  of 
digestion. 

Finally,  owing  to  impaired  absorption,  whatever  secre- 
tin may  have  been  formed  in  the  pyloric  or  other  portion 
of  the  mucous  membrane,  is  prevented  from  gaining  access 
to  the  glands  in  the  middle  third  of  the  stomach.  Fre- 
quently, however,  there  was  distinct  evidence  of  increased 
production  of  fluid  in  the  stomach  during  rotations.  This 
fluid  seems  to  luive  been  prodticed  mainly  in  the  fundus 
of  the  stomach.  Time  and  again,  in  withdrawing  its  eon- 
tents,  there  was  evidence  of  constriction  separating  the 


sknnach  into  two  distinct  compartments.  The  contents  of 
each  of  those  compartments  frequently  presented  a  marked 
contrast  in  appoarunce  and  composition.  Evgry  clinician 
must  have  had  similar  experience  in  washing  out  stomachs. 
Cannon, ^^  and  Eoux  and  Balthazard,'*^  who  studied  the 
stomach  movements  l)y  means  of  the  X-rays,  saw  contrac- 
tions start  in  the  middle  region  of  the  stomach  and  run- 
ning toward  the  pylorus.  It  is  possible  for  these  contrac- 
tions to  persist  as  deep  rings  seen  after  death  in  the 
excised  stomach  (Cannon*').  Hence,  in  conditions  of 
extreme  disturbances  of  the  gastric  mechanisms,  such  aa 
occasionally  occur  in  passing  the  stomaidi  tube,  more  espe- 
cially after  rotations,  it  need  not  be  womlered  at  if  deep 
constrictions  of  the  circular  bands  divide  the  stomach 
cavity  into  compartments.  Compare  the  numerous  perma- 
nent compartments  in  the  stomach  of  the  sheep,  etc.  ^^ 

Experiments  show  that  absorption  does  not  readily  take 
place  from  the  stomach.  Such  substances  as  water,  salts, 
sugar,  dextrins,  proteoses,  peptones,  alcohol,  and  other 
drugSj  may  be  absorbed,  but  not  with  the  same  facility  as 
in  the  intestine.  So  far  as  is  known,  there  are  no  such 
things  as  specific  nerve  fibres  directly  controlling  absorp- 
tion (Waymouth  Reid*^*),  yet  in  some  of  the  rotations 
there  w-as  distinct  evidence  of  increased  absorption  in  in- 
stances where  the  tests  showed  absolute  stasis  of  the  stomach 
contents.  This  was  notably  the  case  in  rotations  in  dorsal 
decubitus.  However,  the  possibility  of  the  salol  not  reach- 
ing the  intestine  with  the  fluid  contents  of  the  stomach 
must  be  borne  in  mind,  as  well  as  the  possibility  that  the 
stomach  did  not  surrender  all  its  contents  through  the  tube. 

Salvioli  ^^^  found,  notwithstanding  the  dilated  condi- 
tion of  the  vessels  in  a  loop  of  dog's  gut  following  the 
administration  of  atropin,  that  the  absolute  absorption  of 
peptone  and  water  was  less  than  in  a  control  loop.  Way- 
mouth  Reid  ^^^  found  that  less  peptone  and  water  was  ab- 
sorbed when  the  mesenteric  nerves  were  stimulated ;  after 
section  of  the.se  nerves  the  absolute  amount  of  peptone 
absorbed  was  greater,  w-hilst  the  absolute  amount  of  water 
absorbed  was  less  than  before  section.  The  results  follow- 
ing stimiihition  of  the  mesenteric  nerves  are  attributed  by 
Reid  to  the  vaso-niotor  effect  Reid  concludes  there  are  no 
epecific  nerve  fibres  for  absorption.    Techlenberg,^'^  how- 
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ever,  found  marked  dimmution  of  absorption  rate  lor 
K  r  following  section  of  the  mesenteric  nerves.  As  this 
result  is  the  reverse  of  what  should  be  expected  with  the 
intestinal  vessels  dilated,  Tecklenberg  hints  at  the  possi- 
bility  of  absorption  being  controlled  by  local  mechanisms 
in  the  plexuses  of  Auerbach  and  Meissner. 

Experiments  vrere  made  to  test  the  effect  of  hydrochloric 
acid  content  upon  gastric  stasis  in  the  disturbances  that 
attend  rotations.  On  two  occasions  test  meals,  consisting 
of  two  ounces  of  bread  and  seven  ounces  of  water,  con- 
taining free  HCl  .182%  by  weight,  were  given  upon  an 
empty  stomach,  and  mild  rotations  about  the  long  axis 
kept  up  continuously  for  one  hour.  The  tests  showed  no 
absorption  and  no  passage  of  food  into  the  intestines.  In 
these  cases  the  salol  was  administered  at  the  beginning  of 
the  meal,  and  in  one  case  the  subject  had  been  given  hypo- 
dermically  strychnin  sulphate  gr  ^/^^  twenty  minutes 
before  the  test  meal.  The  amounts  of  chyme  returned  after 
one  hour  were  Jxi  and  Six,  the  latter  being  from  the 
subject  who  had  bad  the  strychnin.  The  analyses  showed 
some  interesting  facts.  The  specimen  from  the  subject 
who  had  had  strychnin  showed:  total  acidity  .153,  free 
HCl  .065,  combined  HCl  .065 ;  whilst  that  from  the  other 
subject  showed :  total  acidity  .248,  free  HCl  .1*^3,  combined 
HCl  .080.  In  a  control  test  meal  given  the  latter  subject, 
consisting  of  the  ordinary  Ewald  meal,  and  retained  for 
one  hour,  the  figures  were:  amount  of  chvrae  *  iii,  total 
acidity  .233,  free  HCl  .131,  combined  HCl  .041.  As  a 
furtlier  means  of  control,  two  ounces  of  the  bread  used  in 
the  meals  were  soaked  in  o^'ii  <if  water  containing  .182% 
of  HCL  This  was  kept  at  a  temperature  of  100°  F,  for 
one  hour.  It  w^as  found  that  the  bread  had  absorbed  the 
w^hole  of  the  fluid  and  become  a  soddened  nuiss,  with  a 
bulk  of  nine  fluid  ounces.  Fluid  was  expressed  from  this 
mass  by  squeezing  in  plain  sterilized  gauze.  This  fluid 
was  Altered  and  analyzed,  as  usual.  The  figures  were: 
total  acidity  .138,  free  HCl  .102,  combined  HCl  .036. 
The  starches  and  proteins  had  undergone  little,  if  any, 
change.  In  the  two  test  meals  given  with  the  acid,  the 
protein  digestion  seemed  to  have  been  carried  on  well,  and 
the  test5  for  protein  enzymes  showed  that  these  bodies  were 
present  in  normal  amount.    The  digestion  of  the  starches 
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seemed  retarded  somewhat,  however,  there  being  marked 
evidence  of  free  starch,  with  traces  of  amylodextrin,  whilst 
there  was  little  or  no  evidence  of  erjlhrodextrin  or 
achroodextriD.  There  was  no  maltose,  or  other  redncing 
agent  for  Fehling's  solution,  beyond  what  was  found  to 
have  already  been  present  in  the  control  mixture  of  bread 
and  acid,  both  immediately  after  mixing  and  after  being 
allowed  to  stand  at  100°  F.  for  one  hour.  The  test8  for 
starch  digestion  in  the  meals  given  with  the  acid  presented 
a  marked  contrast  when  compared  with  the  results  of  simi- 
lar test  meals  given  without  acid.  They  sliow  conclusively 
that  the  presence  of  acid  from  the  beginning  of  a  meal  is  a 
great  hindrance  to  the  digestion  of  carbohydrates.  The 
coagulating  enzymes  were  normal. 

These  experimentB  show  that  the  presence  of  free  HCl 
in  the  stomach  is  not  sufficient  to  overcome  the  resistance 
offered  at  the  pylorus  to  the  forward  propulsion  of  food 
during  rotations.  They  also  seem  to  show  that  the  presence 
of  acid  in  the  stomach  favors  the  formation  of  peptonizing 
and  coagulating  enzymes,  perhaps  by  direct  stimulation  of 
the  gland-bearing  area.  Moreover,  because  there  was  no 
absorption,  and  because  stasis  was  complete,  the  increased 
amount  of  chyme,  §  xi^  as  compared  with  the  quantity  of 
material  ingested,  points  to  the  secretion  of  fluid  by  the 
gastric  mucous  membrane,  even  makiiig  allowance  for 
Bome  increase  of  saliva  which  might  have  been  accidentally 
ewallowed. 

The  fate  of  the  acid  put  into  the  stomach  seems,  to 
some  extent*  a  problem.  In  the  case  where  the  free  HCl 
was  so  much  reduced,  the  amount  of  the  chyme '  was  §  ix, 
which  was  exactly  the  bulk  represented  by  the  meal  in- 
gested. Making  allowance  for  the  saliva  swallowed  with 
the  meal,  and  perhaps  for  some  shreds  and  detritus  from 
the  gastric  mucous  membrane,  the  quantitative  figures 
nearly  resemble  those  from  the  control  mixture  of  bread 
and  acidulated  water.  It  may  be  noted  that  this  subject 
never  forms  free  HCl  in  rotation  tests,  and  the  evidence 
indicated  tliat  he  did  not  do  so  here.  It  is  interesting  to 
note,  however,  that  his  coagulating  and  peptonizing 
enzymes  were  normal  here,  though  on  several  other  occa- 
sions they  were  found  diminished  or  absent  in  rotation 
tests.    There  may^  however,  have  been  some  gastric  juice 
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in  the  stomach  before  the  test  meal  was  given  on  this  occa- 
sion, as  the  stomach  was  in  the  resting  state,  i.e.,  fasting,  in 
the  early  morning.  This,  however,  is  not  at  all  probable, 
as  on  numerous  occasions  the  stomach  contents,  when  re- 
moved^ whilst  the  subject  was  fasting  in  the  early  morning, 
showed  little  or  no  evidence  of  free  HCl. 

In  the  other  subject  there  was  an  increase  of  free  HCl 
as  compared  with  the  figures  obtained  from  the  control 
mixture  of  broad  and  acidulated  water.  This  is  explained 
by  the  fact  that  with  this  subject,  even  in  severe  rotations, 
the  tests  always  show  the  presence  of  free  HCl  though  this 
is  always  diminished  in  amount,  generally  about  .09%  to 
.10%.  Making  allowance  for  dilution  by  saliva  and  by 
gastric  secretion,  this  amount^  added  to  that  obtained  from 
the  artificial  meal  (bread  and  acid  mixture),  would  bring 
the  figure  near  that  obtained  from  the  test  meal  with  the 
acid. 

Another  effect  of  rotation  upon  the  stomach  was  fail- 
ure of  absorption,  which  occurred  frequently,  even  when 
the  salivary  flow  was  intense.  Diminished  acidity  was  a 
constant  feature,  and  was  present  with  diminished,  as  well 
as  with  increased,  saliva.  Hence,  the  production  of  stom- 
ach acid  was  retarded.  With  this,  there  was  found  at  times 
absence  or  diminution  of  the  peptonizing  enzyme  (pepsin), 
and  even  of  its  zymogen  (pepsinogen).  Less  frequently 
there  was  also  diminution  of  the  coagulating  enzyme 
(rennet,  chymosin),  and  very  rarely  of  its  zymogea 
(chymosinogen).  The  tests  were  numerous  and  were  care- 
fully repeated  whenever  the  enzymes  were  found  to  be 
abnormal.  In  this  way  many  apparent  abnormalities  were 
ruled  out.  Nevertheless,  the  facts  as  above  stated  were 
found  to  obtain.  Similarly,  in  the  tests  for  absorption, 
where  the  reaction  for  iodin  in  the  saliva  proved  positive, 
the  greatest  care  was  subsequently  observed  so  as  to  elimi- 
nate  the  possibility  of  error.  As  to  the  excretion  or  secre- 
tion of  liquids  into  the  stomach  cavity  by  its  mucous 
membrane,  the  conclusion  is  that  such  a  thing  occurs 
during  rotations.  The  increased  chyme,  however,  always 
seemed  to  bear  some  direct  relation  to  the  increased  saliva. 
The  low  acidity  and  the  diminished  ferment  action,  as  well 
as  tbe  absence  of  excessive  amounts  of  mucus,  seem  to 
strengtlien  this  view.    Moreover,  from  time  to  time  during 
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the  rotation  experiments^  fairly  positive  proof  was  exhib- 
ited of  congestion  of  the  stomachy  as  evidenced  by  hagraate- 
mesis,  both  spontaneous  and  on  attempting  to  wash  out 
the  stomach.  Care  was  taken  to  eliminate  cases  in  which 
the  hemorrhage  might  possibly  be  attributed  to  the  stom- 
ach tube.  The  congestion  of  tlie  abdominal  viscera  harmo- 
nizes with  what  is  known  to  occur  ou  failure  of  the  general 
circulation  due  to  vaso-dilatation  of  the  splanchnic  area. 
Similar  evidence  of  gastric  congestion  was  apparent,  both 
in  aural  irrigations  and  in  conditions  of  sea-sickness. 
Finally,  vomiting  of  the  projectile  type  forms  the  climax 
of  the  stomach  disturbances  associated  with  rotation 
Bickness. 

A  rational  interpretation  of  the  phenomena  of  nausea 
and  vomiting,  as  observed  in  rotation  sickness  and  other 
disorders,  seems  impossible  unless  the  existence  of  a  vom- 
iting centre  or  of  some  similar  mechanism  be  assumed. 
The  exact  location  of  such  a  centre  may  be  disregarded,  as 
for  present  purposes  it  is  immaterial  whether  it  be  confined 
to  the  medulla,  cerebellum  or  mid-brain.  Such  a  centre 
would  naturally  have  the  most  widespread  relations  with 
the  various  receptive  areas  in  difTerent  parts  of  the  body. 
The  relations  would,  of  course,  be  more  intimate  with 
certain  receptor  fields,  e.g.,  the  fields  of  distribution  of 
the  senory  vagus  arcs,  and  of  the  labyrinthine  and  olfactory 
nerves.  The  relation  with  the  cerebellum  may  be  only 
an  indirect  one,  the  nausea  and  vomiting  incidental  to 
cerebellar  disease  being  the  result  of  disturbances  created 
in  the  cerebelJo-cerebral  and  cerebro-meduUary  (efferent) 
circuits.  In  other  words,  the  nausea  and  vomiting  in  cere- 
bellar disease  may  result  from  the  vertigo  incidental  to 
cerebellar  disturbances.  The  same  is  probably  true  for  the 
nausea  and  vomiting  that  follow  disturbances  of  the  semi- 
circular canals,  whilst  there  is  reason  for  believing  that 
the  otolithic  apparatus  of  the  vestibule  is  mainly  in  direct 
relation  with  the  nausea  and  vomiting  mechanism.  Tlie 
fact  that  so  many  aiferent  paths  play  upon  a  single  motor 
mechanism  affords  abundant  opportunity  for  mutual  re- 
enforcement  (bahnung)  of  impulses  arriving  at  the  com- 
mon centre  by  allied  arcs  from  various  receptive  areas. 
The  lowering  of  the  threshold  at  the  final  common  path 
through  irritation  in  one  receptive  field  ma}'  abnormally 
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enhance  the  value  of  stimuli  acting  in  other  receptive  areas. 
ThiiR,  in  rotation  sickness,  when  gastric  function  has  been 
seriously  disordered  and  nausea  hiis  become  established^  the 
presence  of  food  or  mucus  in  tlic  stomach  becomes  an 
important  secondary  source  of  distress  until  relieved  by 
vomiting.  It  is  probable  that  the  nausea  caused  by  nior- 
phin  is  produced  by  the  effect  of  tlie  drug,  or  of  its  oxida- 
tion products,  upon  the  gastric  receptors  partly,  and  partly 
upon  the  nausea  and  vomiting  centre.  The  well-known 
disagreeable  subjective  complex  variously  termed  ^'nausea," 
*'the  feeling  of  nausea,"  etc.,  has  its  immediate  origin  in 
the  cerebral  cortex,  and  is  the  psychic  equivalent  of  the 
motor  disturbances  originating  in  the  vomiting  centre. 

It  should  be  mentioned  that,  although  the  fibre  con- 
nections between  the  olfactory  paths  and  the  medullary 
nuclei  have  not  been  completely  traced,  it  is  highly  prob- 
able that  such  connections  exist  by  way  of  the  cortieo- 
mammillary  tract  from  the  uncus  and  hippocampus  to 
the  mammillary  nucleus,  and  thence,  (1)  by  way  of  the 
mammillo-tcgmental  tracts  proper  to  the  tegmentum  of 
the  mid-brain,  and  possibly  to  lower  levels;  (2)  by  fibres 
of  the  pedunculus  corporis  mammillaris  to  the  tegmentum, 
which  Kolliker,  however,  believes  end  in  the  grey  matter 
about  the  aqueduct  of  Sylvius,  near  the  origin  of  the  fourth 
nerve;  (3)  possibly  by  fibres  to  the  posterior  longitudinal 
fasciculus  via  the  hypothalamic  commissure.  Another  and 
more  direct  path  for  impulses  from  the  olfactory  receptors 
in  the  nasal  membrane  lies  by  way  of  fibres  in  the  strand 
from  the  cortex  of  the  olfactory  bulb  to  tile  thalamus, 
tbeuce  by  way  of  the  thalarao-mammillary  fibres  to  the 
mammillary  nucleus,  and  thence  by  way  of  the  mammillo- 
tegmental  tracts  to  the  tegmentum  and  lower  levels.  For 
reasons  often  repeated,  it  floes  not  seem  correct  to  attribute 
to  any  single  cranial  or  spinal  nerve  nucleus  the  coortlina- 
tion  that  is  necessitated  by  a  combination  of  acts  involving 
widely  separated  structures.  Each  nucleus,  it  may  be 
admitted,  has  its  coordinating  functions  proper  to  itself, 
and  also  acts  subordinately  to  a  higher  coordinating  power, 
which,  by  means  of  its  manifold  connections  with  the 
various  lower  and  higher  levels^  brings  about  the  harmony 
of  associated  action.  In  fishes  there  is  reason  to  believe 
that  the  mesencephalon  is  in  intimate  relation  with  the 
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lab3rTiiiths  and  with  the  mechanisnis  of  nausea  and  vom- 
iting. In  the  higher  forms,  with  the  greater  development 
of  the  cerebrum  and  cerebellura,  accompanied,  in  some 
instances,  with  recession  of  the  olfactory  organs,  newer  re- 
lations have  been  superadded  by  which  cerebellar  and  spon- 
taneous psychic  impressions  exert  a  profound  influence  over 
the  motor  neurones  directly  concerned  in  nausea  and  vom- 
iting. Lab\Tinthine  impressions  are  so  intimately  asso- 
ciated with  cerebellar  function  that  whatever  influence  they 
have  in  the  causation  of  nansea  and  vomiting  must  come, 
it  seems,  mainly  by  way  of  the  cerebellum,  for  disturbances 
of  equilibrium  always  precede  nausea  and  vomiting  in  rota- 
tion sickness.  Nevertheless,  it  is  probable  that  the  otolithic 
apparatus  is  directly  related  to  the  vomiting  mechanism. 
Similarly,  retinal  impressions  which,  in  the  higher  fornis^ 
are  so  bound  np  with  cerebral  development  and  psychic 
function,  affect  the  vomiting  mechanism,  for  the  most  part, 
indirectly  through  the  eerebello-cerebral  and  cerebro- 
medullary  circuits,  as  well  as  through  sensory  psychic 
pathways. 

The  perversion  of  the  sense  of  smell,  as  evidenced  by  the 
painfully  disagreeable  odour  of  tobacco-smoke,  is  another 
instance  of  "bahnung,"  i.e.,  reonforeement  through  allied 
reflexes  having  reflex  arcs,  which,  though  beginning  in 
receptor  organs  of  different  species,  are  nevertheless  allied 
arcs  and  act  harmoniously  on  the  same  common  path.  The 
absence  of  vomiting,  or  the  lessened  tendency  to  it  ob- 
served whilst  the  subject  was  in  the  recumbent  posture, 
and  more  especially  seen  in  dorsal  decubitus,  may  be 
accounted  for  not  only  by  the  lessened  demands  made  on 
the  neuro-vascular  mechanisms  and  the  greater  ease  with 
which  the  medullary  and  cerebral  circulation  is  main- 
tained in  recumbency,  but  also  to  a  great  extent  by  the 
absence  of  efforts  at  balancing.  These  factors  combined, 
reduced  the  disturbances  consequent  upon  labyrinthine 
irritation  to  a  minimum.  The  labyrinthine  receptors  are 
acted  upon  during  rotations  in  recumbency  just  as  effi- 
ciently as  in  rotations  with  the  subject  in  the  erect  posture. 
The  impulses  generated  in  them  are  transmitted  centrally 
along  the  afferent  arcs,  but  they  are  incapable  of  exciting 
the  neurones  of  the  final  common  path  to  reflex  activity, 
Le.,  the  threshold  at  the  commencement  of  the  final  cohl- 
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moil  path  is  too  high  so  long  as  the  subject  is  in  recumbency. 
When,  however,  he  attempts  to  stand  op,  there  is  a  ten- 
dency to  TOednUary  animuia,  and  the  demand  made  upon 
the  neuro-vascnlar  system  by  the  erect  posture,  coupled 
with  efforts  at  bakncing  under  the  influence  of  unusual 
and  irregular  excitations  in  the  labyrinthine  receptors, 
causes  a  mutual  reenforcenieot  (''bahnung'')  between  the 
various  atrercnt  arcs,  with  a  lowering  of  the  threshold  at 
the  conira  en  cement  of  the  final  common  path.  If  the  stim- 
ulation of  the  labyrinthine  receptors  be  of  mild  degree, 
only  moderate  reactions  are  evoked  in  the  motor  neurones 
of  the  final  common  path,  or  perhaps  only  a  part  of  the 
neurones  of  the  final  common  path  are  involved,  causing 
slight  nausea,  salivation,  mild  contractions  of  the  stomach 
musculature,  the  sensation  of  **lump"  in  the  stomach,  or 
of  **lunip  in  the  throat,"  The  latter  sensation  is  due  prob- 
ably to  abnormal  irritability,  or  perhaps  irregular  mus- 
cular contractions  in  the  upper  part  of  the  oesophagus,  as 
evidenced  by  the  frequent  voluntary  attempts  at  swallowing 
made  by  the  subject  to  overcome  the  * 'feeling'^  and  ward 
off  the  oncoming  sickness.  The  "lump-sensatton^'  in  the 
stomach  is  probably  due  to  contraction  of  the  fundic  or 
pyloric  musculature.  Where  the  stimulus  can  be  graded, 
various  degrees  of  reaction  may  he  obtained,  from  slight 
disagreeable  sensations  to  the  utmost  degree  of  distress, 
which  reaches  its  climax  just  before  vomiting. 

The  frequent  eructations  that  occur  in  rotation  sickBesg' 
are  the  result  of  contraction  of  the  gastric  musculature, 
coupled  with  relaxation  of  the  normal  tonic  contraction  of 
the  cardiac  sphincter.  The  diminished  acidity  favors  eruc- 
tations, since  Cannon  *^  has  shown  that  in  animals  regurgi- 
tation readily  takes  place  from  a  stomach  filled  with  neutral 
fluid,  whereas  if  the  fluid  be  brought  to  the  degree  of, 
normal  acidity,  no  regurgitation  takes  place.  The  effect' 
of  the  acid  in  preventing  regurgitation  is  seen  when  both 
vagi  have  been  cut.  Hence,  it  is  to  be  attributed  to  local 
mechanisms. 

Rotation  sickness  was  much  more  readily  induced  in 
June  than  In  January  and  February.  Thus,  in  June  a 
few  mild  turns  of  the  chair  brought  the  subject  to  the 
verge  of  vomiting,  whereas  in  the  colder  months,  repeated 
brisk  rotations  could  be  withstood  by  the  same  subject  for 
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quite  some  time  before  the  onset  of  nausea.  The  explana- 
tion of  this  fact  rests  on  the  general  tonic  effects  of  cold 
upon  the  vaso-motor  meclianisms,  whereby  the  general  and 
medullary  circulation  was  well  raaintainGd  and  the  dis- 
orders of  eqnilibration  consequent  upon  unusual  or  irreg- 
ular stimulation  of  the  lah^Tinthine  receptors  were  readily 
compensated.  In  direct  contrast  with  these  are  the  general 
relaxing  effects  of  tlie  BumuKT  warmth.  The  direct  effect 
of  cold  upon  the  lahyrinthine  receptors  should  also  be 
borne  in  mind.  It  is  possible,  judging  from  the  effects  of 
aural  irrigations^  and  from  certain  clinical  observations, 
that  in  cold  weather  the  functional  activity  of  the  labyrin- 
thine receptors  is  depressed^  i.e.,  that  the  threshold  for 
stimuli  is  raised  in  them. 

During  rotations  in  various  planes  there  frequently  oe- 
earred  a  sense  of  uneasiness  in  the  bowels,  with  occasional 
passage  of  flatus.  In  susceptible  subjects,  after  severe  rota- 
tions, there  were  general  tremulousness  and  muscular 
weakness,  which  persisted  in  some  instances  for  hours  after 
the  rotations,  especially  in  those  cases  in  which  vomiting 
did  not  occur,  and  the  stomach  was  not  otherwise  relieved 
of  its  contents. 

The  conclusions  are: 

1.  That  rotation  profoundly  affects  the  stomach,  and 
presumably  also  the  intestinal   functions,   as  manifested, 

(a)  by  persistent  closure  of  the  pylorus,  with  stasis  of  the 
stomach  contents  and  reLaxation  of  the  cardiac  sphincter; 

(b)  by  congestion  of  the  gastric  mucous  membrane,  with 
diminished  absorption ;  (c)  by  impaired  secretion  of  gas- 
tric juice,  with  rehitive  and  absolute  diminution  of  the 
speeiiic  acid  and  enzymes;  (d)  by  nausea  and  increased 
salivary  flow ;  (e)  by  general  distress  and  wretchedness,  re- 
ferred especially  to  the  stomach;  (f)  by  eructations, 
passage  of  flatus,  etc.,  and  vomiting. 

2.  That  these  disturbances  are  initiated  primarily  by 
irritation  and  irregular  stimulation  of  the  labyrinthine 
receptors,  which  in  turn  affect  the  nausea  and  vomiting 
mechanism  (vomiting  centre),  directly,  perhaps,  in  the 
case  of  the  receptors  in  the  macula?  of  the  vestibule,  and 
indirectly  via  the  cerebello-cerebral  and  the  cerebral -elTer- 
ent  circuits  in  the  case  of  the  receptors  in  the  semicircular 
canals. 
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3.  That  when  rotatioD  sickness  has  been  induced,  the 
presence  of  food^  mucus,  or  other  material  in  the  storasch 
becomes  a  distinct  source  of  secondary  irritatioD,  and  tends 
to  maintain  and  aggravate  the  condition  until  relieved  by 
vomiting. 

4.  That  nausea,  subjectively  considered,  is  the  psychic 
equivalent  of  a  minor  degree  of  disturbance  in  the  vomiting 
centre, 

6.  That  gastric,  Dlfactory,  visual,  and  other  impres- 
sions, with  their  psychic  asiiociations  or  equivalents,  if  of 
sufficient  intensity  may,  of  themselves,  under  ordinary  con- 
ditions, initiate  the  phenomena  of  nausea  and  vomiting, 
whilst  under  conditions  of  increased  irritability  of  the  vom- 
iting centre,  from  whatever  cause,  impressions  from  any 
of  these  receptor  areas,  though  of  ordinary  intensity,  may 
evoke  nausea  and  even  vomiting. 

6.  That  the  majority  of  gastric  disturbances  with  their 
well-known  associated  sensory  plienomena  have  their 
origin,  primarily  at  least,  in  a  weak  and  liyper-irritable 
condition  amounting  to  a  local  neurasthenia  of  the  nervous 
mechanisms,  especially  those  springing  from  the  cerebral 
cortex  which  control  gastric  secretion  and  motility. 


THE  EFFECT  OF  DRUGS  AND  OTHER  MEASURES 
UPON  DERANGEMENTS  OF  THE  ALIMENTARY 
SYSTEM  CAUSED   BY   ROTATION   SICKNESS 


The  following  methods  were  tested  in  order  to  deter- 
mine their  effect  in  preventing  rotation  sickness,  and 
especially  the  gastric  and  intestinal  disorders  attendin^r  it. 
The  effect  of  posture  was  tried  by  rotating  the  subject  in 
various  planes  and  noting,  the  result  upon  the  subject's 
general  condition,  but  more  especially  upon  the  gastric 
motor  and  digestive  functions.  For  the  latter  purpose 
numerous  test  meals  were  given  upon  an  empty  stomach 
and  retained  for  one  or  two  hours,  during  which  the  subject 
was  rotated  constantly.  With  the  subject  sitting  upright, 
the  rotations  about  the  long  axis  had  to  be  very  mild,  as 
these  rotations  readily  induced  vomiting.  Rotations  in 
recumbency  were  borne  much  better,  especially  those  in 
the  coronal  plane,  with  the  subject  in  dorsal  decubitus. 
Kotations  in  the  sagittal  plane,  "face  forward,'*  with  the 
subject  lying  upon  the  side,  were  also  well  borne,  but  rota- 
tions in  the  sagittal  plane^  '^'occiput  first,''  were  almost  as 
potent  in  causing  subjective  distress  and  gastric  disturb- 
ances as  rotations  about  the  long  axis  with  the  subject 
sitting  upright. 

The  effect  of  hypnotic  suggestion  was  next  tried.  Owing 
to  the  exaggerated  claims  made  by  enthusiasts  on  behalf 
of  hypnotism  as  a  curative  agent  in  all  sorts  of  conditions, 
including  seasickness,  gastric  disorders,  and  even  organic 
disease,  this  part  of  the  subject  seems  of  sufficient  impor- 
t-ance  to  warrant  a  somewhat  free  transcription  of  the  notes 
made  during  the  progress  of  the  experiments. 

The  subject,  a  youth  of  19,  was  a  fairly  normal  indi- 
vidual, with  normal  ear  functions.  Six  swings  were  given 
him  in  the  sitting  posture  about  the  long  axis  of  the  bod^. 
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The  characteristic  after-nystagmus,  with  ita  attendant  phe- 
nomena, were  observed.  There  was  dizzinej>s,  nausea,  in- 
clination of  the  head,  deviation  in  walking,  etc. 

The  subject  was  then  put  into  the  hypnotic  state  and 
placed  in  the  awing.  No  suggestion  was  made  to  him. 
With  a  swing  from  left  to  right,  the  subject  had  to  be  sup- 
ported to  prevent  him  falling  from  the  swing.  After  the 
swing,  he  could  neither  balance  well  nor  walk  steadily. 
Immediately  he  was  taken  out  of  the  hypnotic  state,  and 
he  said  he  felt  wretched  and  "sick  at  his  stomach.''  There 
was  no  vomiting,  irnder  liypnosis,  the  suggestion  Avas  now 
made  to  him  that  his  stomach  sickness  would  disappear, 
and  at  once  he  said  it  was  "all  gone  now."  On  being  takei 
out  of  the  hypnotic  state,  his  stomach  appeared  to  be  all^ 
right.  He  had  no  sickness  referable  to  that  organ,  but 
he  had  a  headache.  Under  hypnosis  it  was  suggested  that 
his  headache  would  disappear,  which  it  did  immediately. 
With  the  subject  under  "wakings"  hypnosis,  it  was  sug- 
gested that  the  swing  could  not  sicken  him  or  make  him 
dhzy,  A  hard  swing  was  then  given.  Little  dizziness  w^as 
felt,  and  on  being  taken  from  the  swing  he  stood  and 
walked  fairly  well,  but  with  studied  effort  and  cautiously. 
He  was  able  to  stand  fairly  well  on  either  foot,  with  closed 
eyes.  This  observation  tends  to  confirm  that  of  Beard.^" 
The  rotations  in  Beard's  experiments,  however,  were  of  a 
very  mild  type.  The  subject  now  felt  slightly  sick  at  the 
stomach,  and  the  saliva  was  flowing  freely.  The  knee- 
jerks  were  normal.  The  head  felt  a  little  heavy.  During 
a  rest,  and  whilst  still  under  hypnosis,  it  was  found  that 
no  suggestion  of  darkness  or  of  a  strong  light  would  alter 
the  size  of  his  pupils. 

Still  under  hypnosis,  an  attempt  was  made  to  introduce 
the  stomach  tube,  but  no  amount  of  suggestion  could  ovei 
come  the  rebellious  pharyngeal  reflexes.  It  was  then  sug-^ 
gested  to  him  that  he  was  sick  and  about  to  vomit,  and 
at  once  he  vomited.  Later  he  was  made  to  balance  on  one 
foot,  and  whilst  in  this  attitude  it  was  suggested  that  he 
was  unable  to  put  the  other  foot  to  the  floor.  As  he 
grew  tired,  desperate  efforts  at  balancing  were  made,  but 
the  other  foot  was  not  put  down.  Finally,  the  effect  of 
the  suggestion  was  overpowered  and  the  subject  put  dowii 
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his  foot  and  walked  over  to  the  middle  of  the  room  to 
expectorate. 

At  9  :30  a.  m.  an  Ewald  breakfast  was  given.  At  9 :35, 
after  a  rotation  about  the  long  axis,  the  usual  nystagmus 
was  presented. 

During  a  swing  from  left  to  right  about  the  long  axis, 
it  was  noted  that  no  amount  of  suggestion  could  ward  off 
the  bad  feeling.  Instinctively  the  subject  tried  to  lie  down. 
After  a  swing  in  the  coronal  plane,  with  the  subject  in  dorsal 
decubitus,  the  typical  nystagraua  was  observed.  The  sub- 
ject put  his  hands  to  the  epigastric  region  as  if  suffering 
from  stomach  distress.  He  stated  he  felt  sick  in  his  stom- 
ach and  head.  He  also  had  headache  and  his  saliva  was 
flowing  freely.  His  skin  felt  cold,  and  he  complained  of 
chilliness  and  headache.  The  operator  laid  his  hand  upon 
the  subject's  forehead  and  assured  him  that  his  headache 
would  disappear^  whieh  it  did  at  once.  There  were  frequent 
eructations  at  various  times.  The  subject  manifested  a 
great  tendency  to  lie  down  and  go  to  sleep.  He  was  allowed 
to  sleep  a  short  time,  and  on  waking  he  shivered  as  with 
cold  and  complained  of  headache. 

At  10:35  the  stomach  contents  were  removed,  mainly 
by  vomiting.  The  amount  returned  was  5  ^ii-  Analysis 
showed  a  marked  diminution  of  enzymes  and  of  free  HCL 
No  absorption  or  motility  tests  were  made,  but  the  indica- 
tions were  those  of  complete  stasis  and  diminished  al^orp- 
tion.  Before  taking  him  out  of  the  hypnotic  state  it  waa 
suggested  that  his  memory  of  all  the  disagreeable  incidents 
of  tlie  morning  would  he  blank,  and  that  he  would  feel 
weli  and  suffer  no  discomforting  after-effects.  On  coming 
out  of  hypnosis,  the  subject  said:  *'It's  cold.  There's 
something  in  my  mouth  that  smells."  Afterward  he  told 
me  that  his  only  recollection  of  what  had  happened  was 
that  he  had  been  dizzy  and  had  felt  a  choking  in  his 
throat.  Tlie  dizziness  was  a  memory  from  the  swing, 
whilst  the  choking  was  due  to  the  attempts  made  to  intro- 
duce the  stomach  tube.  Some  time  afterward  the  subject 
said  that  he  felt  the  effects  of  the  rotation  sickness  for  a 
whole  week.  No  amount  of  persuasion  could  induce  him 
to  permit  a  repetition  of  the  experiments,  though  he  sub- 
mitted   to   numerous   irrigation    tests.     All   through   the 
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emngs,  given  with  the  test  meal  in  the  stomach,  it  was 
constantly  suggested  to  the  subject  that  the  swing  could 
not  make  him  dizzy  or  sick  in  any  way. 

Kext  was  studied  the  effect  of  extracts  made  from  vari- 
ous  portions  of  the  mucous  membrane  of  the  stomach  and 
intestines,  after  the  manner  followed  by  Bayliss  and  Star- 
ling/^ and  by  Edkins.^^  As  these  ejiperiments  belong  to 
an  independent  serieSj  the  full  details  are  reported  else- 
where. The  results  showed,  however,  that  in  rotation 
Biekness  these  extracts  favoured  the  production  of  free  ECl 
and  digestive  enzymes  and  aided  absorption  and  motility, 
both  in  the  stomach  and  intestines. 

Finally,  various  drugs  were  tested,  some  singly  and 
some  both  singly  and  in  different  combinations.  The  fol- 
lowing were  tried:  atropin  crystals  gr  ^/^^  hypodermat- 
ically,  ditto  per  os;  hyoscyamin  gr  ^/^^  hypodermatically ; 
orthoform  gr  v.  per  o&;  hyoscin  hydrobromid  gr  ^/i^^ 
hjrpodermatically ;  atropin  sulphate  gr  ^/mo  per  os;  co- 
cain  hydrochlorid  gr  V*  per  os;  atropin  sulphate  gr 
V^^j ,  and  strychnin  nitrate  gr  V40  in  combination  hypo- 
dcrmatically.  The  drugs  were  tested  by  rotating  the  sub- 
ject in  various  planes  and  postures  when  a  reasonable  time 
had  elapsed  after  their  administration,  and  observing  the 
controlling  effects,  if  any,  upon  the  sickness.  With  some 
of  the  drugs,  te^t  meals  and  controls  were  given.  The 
test  meals  were  retained  for  one,  in  some  instances  two, 
hours.  During  this  period  the  subject  was  constantly 
rotated  in  Yarions  planes  and  postures. 

Of  the  drugs  e.\'perimented  with,  none  was  found  to 
have  any  appreciable  effect  in  relaxing  the  pylorus.  In 
this  respect,  supine  recumbency  seemed  to  have  the  most 
potency,  especially  when  used  in  conjunction  with  atropin 
and  strychnin  hypodermatically.  In  the  rotations  about 
the  long  axis,  with  the  subject  sitting  upright,  atropin 
and  strychnin  had  no  effect  in  relaxing  the  pylorus.  After 
atropin,  the  amount  of  chyme  was  considerably  increased. 
In  two  out  of  three  trials  the  K  I  test  for  absorption  was 
positive.  In  one  case  the  saliva  was  diminished  distinctly, 
and  in  the  other  two  there  was  no  increased  salivation. 
Moreover,  nausea  was  very  slight  or  absent  in  all  three 
trials.  We  are  therefore  driven  to  the  conclusion,  since  the 
test  for  salol  in  the  intestine  was  negative,  that  secretion 
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or  transudation  was  responsible  for  tlie  increased  chyme. 
With  etryehnin  and  atropin  combined,  and  with  the  sub- 
ject in  the  supine  posture  and  lotated  in  the  coronal  plane, 
there  was  active  absorption  from  the  stomach,  the  K  I  test 
reacting  for  iodin  in  the  saliva  in  2B  minutes,  whilst  the 
test  for  salol  in  the  intestines  was  negative,  and  at  the 
same  time  the  chyme  was  reduced  in  amount  and  of  a  leas 
fluid  consistency  than  nsual.  Eecumbency  and  the  plane 
of  the  rotation  were  the  chief  factors  here,  whilst  the 
atropin  and  strychnin  acted  as  adjuvants.  The  atropin 
and  strjclinin  had  their  usual  happy  effect  in  preventing 
the  general  discomfort  of  the  subjeci  Neither  cocain  nor 
orthoforra  per  os  was  found  to  aid  absorption  or  motility, 
nor  wa§  either  drug  of  benefit  in  preventing  dizziness, 
nausea,  excess  of  saliva,  or  other  discomfort.  Hyoscin  was 
ineffective  against  dizziness,  nausea,  etc.,  and  caused  so 
much  psychic  and  motor  depression  that  the  subject  had 
to  be  taken  home  and  put  to  bed.  There  were  no  danger 
signals,  however,  the  chief  symptom  being  an  uncon- 
trollable tendency  to  sleep. 

The  following  figures  represent  the  averages  taken  from 
analyses  made  after  Ewald  test  meals  retained  during  rota- 
tions. The  general  effect  of  rotation  sickness  upon  the 
acid  content  was  as  follows:  The  average  taken  from  two 
Ewald  breakfasts,  which  were  retained  one  hour  under  nor- 
mal conditions  without  rotations,  was:  total  acidity  30%, 
free  HCl    ,19%,  combined  HCl    .06%, 

The  average  from  fourteen  meals,  retained  during  rota- 
tion in  various  planes,  with  the  subject  in  various  postures, 
was:  total  acidity  .17%,  free  HCl  .09%,  combined  HCl 
.06%.  The  average  in  meals  retained  during  rotations 
about  the  longaxis  was:  total  acidity  .03%,  free  HCl  .10%, 
combined  HCl  .07%.  The  average  for  four  meals  after 
rotations  in  the  coronal  plane,  with  the  subject  lying  in 
the  supine  posture,  was:  total  acidity  .17%,  free  HCl 
.08%,  combined  HCl    .06%, 

In  rotations  in  the  sagittal  plane,  with  the  subject  lying 
on  the  side,  the  average  for  three  meals  was:  total  acidity 
.12%»  free  HCl  .06%,  combined  HCl  .03%.  In  rotations 
about  the  long  axis,  with  the  subject  sitting  upright,  and 
after  the  administration  of  atropin,  the  average  for 
four  meals  was:   total  acidity  .20%,  free  HCl    XVU^ 
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combined  HCl  .08%.  In  rotations  about  the  long 
axis,  with  the  subject  sitting  upright,  the  rotations  and 
reverses  had  to  be  of  the  mildest  kind  to  forestall  vomiting, 
whereas  in  rotations  with  the  subject  lying  down  there  was 
little  tendeney  t«  vomit,  even  when  the  rotations  were  hti^k 
and  the  revcFBals  or  stoppings  rather  sudden. 

In  rotations  in  the  coronal  plane,  with  the  subject  lying 
on  the  baek,  and  after  the  administration  of  atropin  and 
strychnin,  the  figures  were:  total  acidity  .18%,  free  HCl 
.07%,  combined  HCl   ,08%, 

The  lowest  figures  occurred  with  rotations  in  the  sag- 
ittal plane,  including  rotations  with  ^'face  first"  and  with 
"occiput  first,"  e.g.,  total  acidity,  .07%,  free  HCl  .029%,, 
combined  HCl  .029%.  The  next  lowest  were  with  rota- 
tions in  the  coronal  plane,  with  the  subject  in  hypnosis, 
and  under  the  suggestion  that  the  rotation  would  not  sicken 
him,  etc.  The  figures  were:  total  acidity  .12%,  free  HCl 
,03%,  combined  HCl  .08%.  There  was  a  trace  of  Mood 
in  the  chyme. 

Botation  in  the  coronal  plane,  with  the  snbjeet  in  the 
prone  posture,  gave:  total  acidity  .18%,  free  HCl  .08%, 
combined  HCl   .05%,  ' 

The  contents  from  the  resting  stomach  gave,  as  an 
average:  total  acidity  .14%,  free  HCl  .06%,  combined 
HCl  .05%, 

The  amount  of  chyme  withdrawn  after  one  hour's  re* 
tention  during  rotations  was  as  follows:  Average  after 
five  meals  in  rotations  about  the  long  axis,  5^iiss;  after 
four  meals  in  rotations  in  the  coronal  plane,  with  the 
subject  lying  on  the  back,  ,^  x;  after  sagittal  rotations,  with 
the  subject  lying  on  the  side,  for  three  meals  the  average 
was  o  ^ii  y  ^^^^^  rotations  about  the  long  axis,  with  the 
subject  sitting  ujiright,  and  after  the  administration  of 
atropin,  the  average  for  four  meals  was  ^  xii.  After 
rotations  in  the  coronal  plane,  with  the  subject  lying  on 
the  back^  and  after  the  administration  of  strychnin  and 
atropin^  the  amount  for  one  meal  was  ^  ix.  The  general 
average  for  all  the  meals  untler  rotations  in  the  various 
phmes  and  postures  was  5  x.  Tn  each  instance  the  meal 
consisted  of,  bread  ^  u  and  water  5  viii. 

The  peptic  ferments  were  found  diminished  or  absent 
in  the  three  cases  where  the  acidity  was  very  low,  viz.,  in 
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rotations  in  the  sagittal  plane^  in  the  coronal  plane  with 
the  subject  lying  prone,  and  in  the  coronal  plane  with  the 
enhject  under  hypnosis. 

The  salivary  flow  was  markedly  increased  in  rotations 
about  the  long  axis,  with  the  subject  sitting  upright.  It 
was  increased  slightly,  or  not  at  all,  in  rotations  in  the 
sagittal  plane,  with  the  subject  lying  on  the  side.  In  rota- 
tions in  the  coronal  plane,  with  the  subject  lying  on  the  , 
back,  it  was  diminished  or  not  affected.  After  atropin  it 
was  always  eonsiderablj  diminished. 

Starch  digestion  seemed  to  have  been  well  carried  on 
in  every  instance,  aided,  no  donbt,  by  the  lowered  acidity 
and  increased  salivation.  The  tests  for  motility  showed 
that  in  no  instance  was  there  evidence  of  anything  having 
passed  the  pylorus. 

The  absorption  tests  showed  that  in  very  few  instances 
was  there  convincing  evidence  of  absorption  from  the  stom- 
ach. In  two  of  these  cases  the  rotation  was  in  the  coronal 
plane,  with  the  subject  lying  on  the  back^  and  in  one  of 
these  rotations  the  subject  had  had  atropin  and  strychnin. 
In  two  rotations  about  the  long  axis,  with  the  subject  sit- 
ting, upright,  and  after  the  administration  of  atropin,  the 
K  I  test  reacted  for  iodin  in  the  saliva^  but  in  these  cases 
there  was  reason  to  believe  that  contamination  of  the  saliva 
had  taken  place  on  the  administration  of  the  K  I,  as  some 
of  the  drug  was  found  Ioo^jc  in  the  box  containing  the  cap- 
sules. In  subsequent  tests  special  means  were  adopted  to 
avoid  such  an  accident.  The  remaining  tests  showed  that 
no  absorption  took  place  from  the  stomach,  and  this,  even 
allowing  for  the  diminished  salivary  secretion,  which  was 
never  extreme. 

Atropin,  especially  in  combination  with  strychnin, 
afforded  almost  complete  relief  from  stomach  discomfort, 
nausea  and  increased  salivary  flow,  Yertigo  was  present, 
however,  during  the  rotations,  but  on  cessation  of  the 
latter  it  immediately  disappeared,  and  was  not  accompanied 
l:«y  the  usual  dolor  cerebri.  The  subject  had  not  the  usual 
fear  and  apprehension  of  the  swing.  Instcnd  of  appearing 
worried  and  morose,  he  was  cheerful,  talkative,  and  anxious 
to  work.  In  a  word,  his  manner  and  Ix'aring  gave  evidence 
of  the  usual  atropin  action  on  the  cerebral  psychic  and 
motor  areas.     Atropin  manifestly  exerts  a  powerful  Iw^V 
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action  on  the  gastric  vagus  sensory  terminals.  This  lcK?al 
action,  to  the  infinite  relief  of  the  suhject,  eliminatea  the 
stomach  and  its  contents  as  powerful  secondary  factors  in 
maintaining  vagus  nuclear  irritation.  In  other  respects,  the 
atropin  showed  its  usual  effect  in  stimulating  the  cerebral 
(psychic  and  motor)  areas  and  the  medullary  centres.  Its 
action  on  the  latter  has  been  discussed  elsewhere. 

The  general  effect  of  atropin  per  as  was  good,  as  was 
that  of  hjoscyamin  hypodermatically.  However,  neither 
was  as  efficient  as  atropin  or  its  combination  with  strych- 
nin hypodermatically. 

Experience  with  other  drugs  in  making  the  experiments 
to  determine  their  effect  upon  the  cireulation  in  rotation 
sickness  rendered  it  inadvisable  to  try  their  effect  upon  the 
digestive  apparatus.  The  results  upon  the  circulation  and 
upon  the  subject's  condition  generally  w^ere  so  unsatis- 
factory thot  nothing  good  could  be  expected  from  their 
action  upon  gastric  or  intestinal  function. 

The  conclusions  are: 

1.  That  dorsal  decubitus  is  the  most  efficient  method  of 
counteracting  the  nausea  and  distress  in  rotation  sickness. 

2.  That  atropin  and  stryehnin  in  combination  favour 
dorsal  decubitus,  aiding  its  action  in  tending  to  relax  the 
pyloric  spliinetcr^  whilst,  without  decubitus,  these  drugs 
as  well  as  cocain  and  the  other  drugs  tried,  are  ineffectual. 

3.  That  during  rotations  in  various  planes,  and  with 
the  subject  in  various  postures,  there  is  active  secretion  or 
transudation  from  the  gastric  mucosa  into  the  stomach 
cavity >  even  when  the  system  is  under  the  influence  of 
atropin. 

4.  That  this  secretion  or  transudation  represents  a  gas- 
trie  juice  of  lowered  acidity^  and  in  some  instances  of 
diminished  or  absent  enzymes. 

5.  That  the  erect  posture  has  much  to  do  with  the  in- 
duction of  nausea,  salivation,  and  vomiting,  whilst  the 
recumbent  posture,  and  especially  dorsal  decubitus,  pre- 
vents or  alleviates  them, 

6.  That  hypnotic  suggestion  is  not  markedly  effective 
in  offsetting  the  effects  of  rotation  sickness,  nor  in  prevents 
ing  the  usual  disturbanees  in  gastric  function  and  their 
immediate  nttrndants. 

7.  That  atropin,  especially  in  conibination  with  strych-. 
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nin,  is  very  effective  in  combating  the  nausea,  increased 
salivation  and  vomiting,  and  the  psychical  and  mental  de- 
pression that  accompany  rotation  sickness,  and  that  it  does 
this,  (1)  by  local  action  on  the  sensory  vagus  terminals  in 
the  gastric  mucous  membrane,  thereby  preventing  secondary 
irritation  of  the  vagus  and  allied  centres,  and,  (2)  by 
stimulating  the  psychic  and  motor  areas  of  the  brain,  as 
well  as  some  of  the  medullary  centres,  e.g.,  vaso-constrictor, 
respiratory,  etc.  The  usual  potency  of  the  disturbed  laby- 
rinthine and  gastric  receptors  is,  to  a  great  extent,  offset 
or  prevented  by  this  twofold  action  of  atropin.  The 
strychnin  acts  as  an  adjuvant  in  maintaining  the  circula- 
tory and  general  tonus. 

8.  That  atropin  per  os  and  hyoscyamin  hypodermat- 
ically  are  effective  in  counteracting  some  of  the  effects  of 
rotation  sickness,  but  not  to  the  same  degree  as  atropin, 
or  the  combination  of  atropin  and  strychnin,  used  hypo- 
dermatically. 

9.  That  cocain  and  orthoform  per  os  are  ineffective, 
whilst  hyoscin  hypodermatically  is  not  only  ineffective, 
but  seems  to  aggravate  the  phenomena  evoked  by  rotation 
sickness. 

10.  That  certain  extracts  made  from  various  parts  of 
the  mucous  membrane  of  the  stomach  are  effective  in  rota- 
tion sickness,  and  materially  favour  absorption  and  motility 
in  the  stomach  and  intestine. 


CHAPTER  XIII 
THE  EFFECT   OF  ROTATION   UPON    EQUILIBRIUM 


In  rotations  about  the  long  axis,  with  the  subject  git- 
ting  upright,  rotation  from  right  to  left  (i.e.,  in  the  direc- 
tion opposite  to  that  of  the  htmds  of  a  watch,  supposing  the 
watch  to  be  placed  on  the  floor  immediately  under  the 
swing  and  with  its  lace  looking  upward,  and  the  axis  of 
its  hands  parallel  to  the  long  axis  of  the  subject'e  body), 
causes  the  subject's  head  to  incline  toward  the  right  shoul- 
der. If  the  swing  be  allowed  to  slow  down  gradually,  a 
stage  is  reached  when  the  subject  does  not  know  to  which 
Bide  his  head  tends  to  fall^  as  it  seems  equally  inclined  to 
fall  laterally  to  the  right  or  left.  This  stage,  if  the  swing 
be  allowed  to  slow  down  still  further,  is  soon  followed  hy 
a  period  when  there  is  a  distinct  tendency  of  the  head  to 
fall  to  the  opposite,  i.e.,  to  the  left  shoulder.  In  swings 
from  loft  to  right,  similar  phenomena  occur,  but  in  this 
instance  the  initial  inclination  of  the  head  is  toward  tlie 
left  shoulder.  There  is  also  at  tlie  beginning  of  the  rota- 
tion some  rigidity  and  inclination  of  the  upper  part  of  the 
body  in  the  same  direction  in  which  the  head  inclines. 
Sudden  acceleration,  retardation,  or  reversal  of  the  direc- 
tion of  the  rotation,  has  a  powerful  influence  upon  these 
deviations  of  the  head,  as  well  as  upon  the  vertigo  and 
other  phenomena  attending  rotation.  If  the  eyes  of  the 
subject  be  kept  closed  and  a  brisk  rotation  performed  from 
right  to  left,  and  the  swing  allowed  to  slow  down,  the  Bub- 
ject's  head  will  at  tirst  tend  to  fall  to  the  right,  and  he  will 
feel  himself  rotating  from  right  to  left.  Very  soon,  how- 
ever, as  the  swing  slows  down,  his  head  will  not  tend  to 
fall  in  any  particular  direction,  and  the  subject  will  feel 
no  sense  of  motion  whatever.  As  the  swing  still  continues 
to  slow  down,  the  head  begins  to  incline  slightly  to  the 
left  and  the  subject  now  feels  himself  revolving  from  left 
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to  right,  though  in  reality  he  is  still  revolving  from  right 
to  left.  At  any  time  during  such  a  period  as  that  just 
described  an  acceleration  of  the  rotation  will  determine 
the  head  to  fall  in  the  direction  opposite  to  that  of  the 
acceleration,  and  the  subject  will  feel  himself  rotating  in 
the  direction  in  which  he  is  actually  moving.  Similarly,  if, 
after  a  few  short,  brisk  rotations  from  right  to  left  with 
eyes  closed,  the  swing  he  suddenly  retarded  or  stopped,  the 
Bubjecft?  head  will  immediately  fall  to  the  left,  and  he 
will  feel  his  body  rotating  rapidly  from  left  to  right.  If, 
now,  the  eyes  be  immediately  opened,  the  pubject  no  longer 
feels  his  body  moving,  hut  external  objects  appear  to  he 
moving  rapidly  about  his  body  from  left  to  right.  By 
opening  his  eyes,  his  sense  of  motion  has  become  external- 
ized, that  is,  external  objects  now  seem  to  move,  whilst  his 
body  seems  to  be  stationary.  If  the  subject  be  taken  from 
the  swing  at  this  point  he  will  be  able  to  walk,  but  will 
tend  to  deviate  toward  the  side  to  which  his  head  inclines. 
However,  it  frequently  happens  that  in  a  moment  or  so  the 
head  may  incline  to  the  opposite  side,  and  the  subject  will 
accordingly  deviate  in  that  direction. 

Observation  of  the  displacement  of  the  head  and  upper 
part  of  the  body  in  rotations  in  the  coronal  plane,  i.e., 
about  an  antero-posterior  axis  through  the  umbilicus,  was 
beset  with  some  difficulty,  for  in  these  rotations  the  subject 
was  lying  on  the  back,  i.e.,  in  the  position  of  most  stable 
equilibrium.  Another  element  that  added  to  the  difficulty 
was  retardation  of  the  swing,  which,  of  course,  reverses  the 
direction  of  the  nystagmus,  etc.  Hence,  the  notes  taken  at 
the  time  the  experiments  were  made  show  some  irregulari- 
ties and  apparent  contradictions.  The  swings,  however,  were 
repeated  again  and  again,  with  every  possible  attention  as 
to  slowing  and  acceleration,  until  the  true  facts  were  ascer- 
tained as  nearly  as  possible.  It  may  be  said  in  general  that 
rotation  in  the  coronal  plane  in  the  direction  of  the  hands 
of  the  watch  (which  in  all  these  experiments  with  the 
subject  lying  down  is  supposed  to  be  placed  on  the  sub- 
ject's breast,  with  its  face  looking  toward  the  observer), 
causes  a  tendency  to  displacement  of  the  head  and  upper 
part  of  the  body  toward  the  rigid,  i.e.,  in  the  directiou 
against  the  hands  of  the  watch.    Similarly,  rotation  against 
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the  watch  caused  a  tendency  of  the  upper  part  of  the  body 
to  "puir**  or  incline  in  the  opposite  direction. 

In  determining  these  matters,  it  was  found  that  by 
placing  the  hands  on  either  side  of  the  neek  one  could 
perceive  on  which  side  the  reflex  tonus  was  exerted  in  the 
muscles.  In  addition  to  this,  the  subject  experienced  a 
painful  sense  of  effort  in  the  opponents  on  the  opposite 
side.  This  was  due  to  relative  absence  of  labyrinthine 
tonus  in  these  innscles. 

The  author,  who  is  very  susceptible  to  the  effects  of 
rotation,  went  on  the  swing  himself  to  clear  up  this  mat- 
ter. In  addition  to  the  frtcts  as  stated  above,  it  was  found 
that  in  rohitions  in  the  mesial  plane,  "face  front,'*  little, 
if  any^  reflex  tonus  could  he  detected,  w^hilst  in  mesial 
rotations  with  the  "occiput  first"  there  was,  at  the  com- 
mencement of  the  rotations,  a  distinct  tonus  effect  detected 
in  the  muscles  that  pull  the  head  forward,  whilst  in  sud- 
den stopping  there  was  marked  reflex  tonns  in  the  muscles 
that  pull  the  head  backward.  The  hitter  was  accompanied 
by  a  sense  of  motion  in  the  niesinl  plane,  ''face  first."  This 
obserratioB,  taken  in  conjunction  with  the  phenonieua 
observed  on  section  of  the  posterior  canals  in  animals, 
viz.,  falling  backward,  seems  to  show,  as  Ferrier  *  long  ago 
pointed  out,  that  mesial  rotations  with  the  ''occiput  first"; 
Btimuktes  the  receptors  in  the  ampullie  of  the  posterio: 
canals.  The  absence  of  marked  phenomena  in  mesial  rota 
tions,  '*face  first/'  seems  to  point  to  the  fact  that  in  for- 
ward movements  and  rotations  the  eyes  have  so  long  and 
BO  effectively  replaced  the  related  labyrinthine  receptorsi' 
Tiz.,  those  of  the  superior  canal,  that  the  latter  pcrha 
have  regressed  in  function  and  irritability. 

With  the  eyes  closed  and  directed  straight  ahead,  i.e., 
in  the  sagittal  plane,  it  was  found  that  in  rotation  in  the 
coronal  plane  the  subject  felt  no  movement  but  an  up-and- 
down  motion,  as  if  the  body  "seesaw^ed"  in  the  sagittal 
plane,  with  the  head,  however,  always  appearing  to  the 
subject  to  be  lower  than  the  feet.  The  possibility  of  lateral 
swaying  of  the  swing  should  be  remembered  in  connection 
with  the  phenomena  just  noted. 

When  the  subject  was  rotated  in  the  direction  of  the 
hands  of  the  watch,  but  with  the  eyes  closed  and  strongly 
deviated  to  the  left^  i.e.,  in  the  direction  in  which  he  w 


moving,  he  correctly  estimated  at  tlie  beginning  of  the 
rotation  the  direction  in  which  his  body  was  moving,  but 
with,  at  times,  an  added  element,  viz.,  the  sensation  that 
his  body  was  rotating  about  its  long  axis  from  loft  to  right. 
The  explanation  of  this  latter  phenomenon  seems  to  rest 
upon  the  fact  that  superior  oblique  muscles  are  attached 
to  the  eyeball  behind  the  centre  of  rotation  (Fuchs^^"). 
The  consequence  is,  tiiat  in  the  production  of  rotary 
nystagmus  with  the  watch  there  is  also  a  tendency  to  cause 
movements  of  horizontal  nystagmus,  with  the  short  ele- 
ments directed  to  the  right.  This  nystagmus,  on  account 
of  the  insertion  of  the  superior  oblique  behind  the  centre 
of  rotation  of  the  e^'eball,  is  favoured  in  the  right  eye  at 
leastj  by  turning  the  eyes  to  the  left.  Moreover^  it  is  the 
primary  associated  equivalent  of  rotation  about  the  long 
axis  from  left  to  right. 

In  rotations  in  the  coronal  plane  with  the  watch,  if  the 
eyes  were  kept  closed  and  strongly  turned  to  the  right,  the 
subject  felt,  soon  after  the  commencement  of  rotation  and 
on  slight  slowing  perhaps,  his  body  rotating  ha  the  coronal 
plane  against  the  wiiteh.  Here,  looking  to  the  right  in- 
hibited rotary  nystagmus  with  the  watch,  and  favoured  the 
premature  induction  of  the  natural  after-nystagmus,  viz., 
against  the  watcb,  which  is  the  associated  equivalent  of 
rotation  in  a  similar  direction. 

Another  interesting  fact  in  rotations  in  the  coronal 
plane  with  the  watclu  and  with  the  eyes  closed  and  directed 
to  the  right,  was,  that  in  addition  to  the  sense  of  rotation 
against  the  watch  the  subject  also  was  aware,  from  light 
impressions  received  through  the  closed  eyelids,  that  things 
went  ''shooting  in  front  of  him  from  the  feet  toward  the 
head"  in  the  mesial  plane,  which,  of  course,  is  associated 
with  rotation  in  the  mesial  plane  in  tlie  direction  "face 
forward.-' 

If  brisk  rotation  be  commenced  in  the  coronal  plane 
with  the  eyes  closed  and  turned  strongly  in  the  direction 
of  the  rotation,  even  then,  whilst  the  subject  correctly  esti- 
mates the  actual  direction  of  the  rotation,  turning  the  eyes 
to  the  opposite  side  immediately  begets  a  sense  of  reversal 
of  the  motion.  Similar  phenomena  occur  with  aural  irriga- 
tions. As  already  noted,  the  turning  of  the  eyes  favoured 
the  premature  induction  of  the  natural  after-nystagiiiu&. 
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111  these  rotationwS  in  the  coronal  plane,  the  usual  effects 
of  acceleration  and  retardation,  as  noted  in  the  rotations 
about  the  long  axis,  are  encountered.  There  are  periods 
when  the  direction  of  the  motion  is  correctly  estimated,  and 
there  are  periods  when  no  motion  whatever  is  felt.  These 
latter  occur  in  certain  positions  of  the  eyes,  as  well  as  just 
previous  to  the  sensation  of  reversals  of  direction  which  are 
evoked  by  gradual  retardation. 

In  rotations  in  the  sagittal,  or  in  a  diagonal  plane  mid- 
way between  the  sagittal  and  the  coronal,  the  direction  in 
which  the  closed  eyes  were  turned  bad  a  peculiar  effect. 
In  studying  this  particular  point,  difficulties  were  encoun- 
tered owing  to  retardation  effects.  However,  the  rotations 
were  rej^eated  again  and  again,  and  from  a  careful  study 
of  the  results  this  conclusion  was  reached,  viz.,  that  in  rota- 
tion in  the  sagittal  and  diagonal  planes,  with  the  subject 
lying  on  the  left  side,  turning  the  closed  eyes  strongly  to 
the  right  or  left,  had  a  strong  determining  iDfluence  on  the 
subject's  judgment  as  to  the  direction  in  which  his  Iwdy 
actually  moved  or  seemed  to  move,  so  that  if  the  objective 
determining  influence  were  only  of  slight  degree,  whether 
this  were  in  the  form  of  active  acceleration  or  reactionary 
retardation,  the  voluntary  straining  of  the  eyes  toward  the 
right  or  left  determined  the  sensation  of  motion  in  the 
direction  of  "occiput  first"  or  *'face  first,"  respectively,  or 
enhanced  the  action  of  the  objective  influences  tending  to 
show  their  effects  by  causing  a  feeling  of  rotation  tn  either 
of  these  respective  directions.  Thus  in  rotations  with 
closed  eyes  directed  to  the  left,  there  was  a  marked  ten- 
dency for  the  subject  to  experience  a  sense  of  rotation  in 
the  direction  of  *'faee  forward,"  whilst  with  the  eyes  turaed 
to  the  right  the  tendency  was  to  evoke  a  sensation  of 
rotation  with  '^occiput  first,"  and  this,  regardless  of  the 
actual  direction  of  the  rotation  where  there  was  no  sudden 
or  marked  acceleration  or  slowing.  These  phenomena  can 
be  explained  just  as  the  similar  phenomena  noted  in  rota- 
tions in  the  coronal  plane.  Thus,  turning  the  eyes  to  the 
right,  by  which  they  were,  in  this  individual^  drawn  up- 
ward, inhibited  vertical  nystagmus  directed  toward  the  feet, 
which  is  associated  with  sagittal  rotations  **face  first/' 
whilst  it  favoured  vertical  nystagmus  toward  the  top  of 
the  bead,  wiiich  is  associated  with  sagittal  rotations  with 
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^'occipnl  first."  Similarly,  on  looking  to  the  left,  the  eyes 
were  directed  toward  the  feet,  which  inhibited  vertical 
nystagmus  toward  the  head  and  favoured  it  toward  the  feet, 
thereby  evoking  the  sensation  of  rotation  "face  first/' 

It  would  seem  that  in  every  form  of  nystagmus  due  to 
rotation  there  is,  apart  from  the  secondary  phenomena,  a 
tendency  to  a  superposed  subordinate  mild  nystagmus  in 
the  direction  opposite  to  that  of  the  primary  nystagmus. 
This  subordinate  nystagmus  may  be  so  enhanced  by  turning 
the  eyes  in  the  direction  that  favours  it  and  suppresses 
nystagmus  in  the  opposite  direction,  as  to  completely  over- 
shadow the  latter  in  its  effects.  The  bilateral  relation  of 
the  peripheral  vestibular  apparatus  to  the  cerebellum  may 
account  for  this  twofold  nystagmus,  the  more  extensive 
relation  predominating  in  its  effects  under  ordinary  cir- 
cumstances, whilst  under  the  exceptional  circumstances 
mentioned  the  nystagmus  originated  under  the  influence 
of  the  lesser  relation  is  permitted  to  predominate.  It  is  a 
matter  of  ordinary  experience,  however,  that  strongly  turn- 
ing the  eyes  in  any  one  direction  tends  to  develop  nystag- 
mus in  that  direction.  This  seems  to  indicate  that  the 
overlapping  functions  of  the  ocular  muscles  is  in  great 
part  responsible  for  subsidiary  latent  forms  of  nystagmus. 


CHAPTER  XIV 


THE  EFFECTS  OF  ROTATION  UPON  THE  EYES 


During  rotations,  certain  movements  of  the  eyeballs 
occur  which  are  nystagniie  in  characterj  but  which  bear  a 
constant  relation  to  the  plane  and  direction  of  the  rotation, 
TheB43  movements  of  the  eyes  have  been  called  nystagmus, 
though  there  is  nothing  al>out  them  suggestive  of  the  sleepy 
Boddings  which  the  word  implies-  On  the  contrary,  they 
are  an  exaggeration  of  finely  coordinated  reflex  move- 
ments intended  to  aid  visual  fixation  during  the  progress 
of  the  body,  through  space,  or  whilst  objects  move  rapidly 
past  the  body,  the  latter  being  stationary.  A  familiar  in- 
stance of  their  occurrence  nnder  ordinary  circumstances  is 
the  well-known  behaviour  of  an  individual's  eyes  as  he 
watches  near-by  objects  from  a  rapidly  moving  train.  The 
eyes  in  a  series  of  rapid  jerks,  during  which  vision  is 
impossible,  jximp  in  the  direction  in  which  the  subject^s 
body  is  moving,  and  then,  fixing  on  the  object  to  be  seen, 
follow  it  with  a  movement  in  the  opposite  direction.  The 
latter  movement  has  just  enough  speed  to  keep  the  image 
of  the  object  in  a  fixed  position  upon  the  retina^  or  as 
near  to  it  as  possible.  Vision  is,  of  course,  possible  during 
this  second  or  slow  movement,  for  the  aim  and  object  of 
both  movements  is  to  render  vision  as  distinct  as  possible. 
Although  distinctly  a  misnomer  etymologically,  the  term 
nystagmus,  out  of  deference  to  ancient  usage,  is  retained. 

In  speaking  of  this  nystagmus,  the  direction  of  it  is  in 
every  instance  to  be  understood  as  meaning  the  direction  of 
the  short  movements  during  which  vision  is  impossible. 
During  a  rotation  from  right  to  left  about  the  vertical 
axis,  i.e.»  in  the  horizontal  plane,  with  the  subject  sitting 
upright,  nystagmus  occurs  in  the  horizontal  plane  and  in 
the  direction  in  which  the  lx:>dy  is  moving,  i.e.,  toward  the 
left.     If  the  swing  be  suddenly  interrupted  or  abruptly 
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slowed,  it  will  be  found  that  horizontal  nystagmus  is  pres- 
ent, bnt  directed  toward  the  right,  i.e.,  in  the  reverse 
direction  of  that  which  it  had  during  the  rotation.  If  the 
eyes  be  kept  closed  during  the  progress  of  the  swing,  never- 
theless,  they  will  be  found  to  be  in  nystagmus  directed 
toward  the  left,  and  on  interruption  or  slowing  of  the 
swing,  with  the  eyes  still  closed,  the  subject  will  experience 
a  sense  of  movement  in  the  opposite  direction  to  that  in 
which  he  may  still  be  actually  moving,  and  at  the  same 
time  the  direction  of  the  nystagmus  shifts  and  is  now 
directed  to  the  right,  that  is,  in  the  same  direction  in  which 
the  subject  believes  his  body  to  be  rotating.  If,  at  this 
moment,  the  eyes  be  opened,  all  subjc^*tive  sense  of  move- 
ment of  the  body  ceases,  hut  external  objects  appear  to  be 
moving  from  left  to  right.  Some  authors  have  termed  this 
latter  plienoraenon  the  extcrnalization  of  vertigo.  The 
explanation  is  very  simple.  During  the  excursion  of  the 
eyeball  in  the  direction  of  the  nystagmus — in  this  instance 
from  left  to  right — vision  is  impossible^  but  in  the  return 
movement  of  the  eye  from  right  to  left  the  images  of 
external  objects,  seen  after  the  commencement  of  the  slow 
movement,  fall  upon  successive  areas  of  the  retina  which 
are  located  farther  and  farther  toward  the  left  of  the 
fundus  as  the  eye  rotates  to  the  left.  This  shifting  of  the 
images  of  objects  along  the  retina  from  right  to  !eft  is 
plausibly  mistaken  for  an  actual  movement  of  external 
objects  from  left  to  right,  and  as  vision  is  impossible 
during  the  rapid  movements  of  the  eye  from  left  to  right, 
the  result  is  an  apparent  continuous  movement  of  objects 
from  left  to  right.     (See  diagrams.) 

In  very  rapid  rotations  about  the  long  axis,  more  espe- 
cially if  the  subject  lean  backward  so  that  there  is  a 
coronal  element  in  the  rotation,  the  nystagmus  may  not 
be  of  the  purely  horizon tn!  type,  but  may  be  associated 
with  a  rotary  element  about  the  antero-posterior  axis  of 
the  eyeball.  The  direction  of  this  nystagmus  in  rotations 
from  right  to  left  is  primarily,  i.e.,  during  the  actual  rota- 
tion before  slowing  has  taken  place,  in  the  direction  of 
the  hands  of  the  watch  (with  the  latter  so  placed  against 
the  breast  of  the  subject  that  its  face  looks  toward  the 
observer),  whilst  secondarily,  i.e,,  on  sudden  stopping  or 
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glowing  of  the  swing,  the  direction  is  against  the  hands  of 
the  watch. 

In  the  presence  of  mixed  n^'stagraus,  external  objects 
in  general  appear  to  move  in  the  direction  of  the  hori- 
zontal element.  The  apparent  movement  imparted  to  them 
by  the  rotary  element  of  the  nystagmus  varies,  depending 
on  which  side  of  the  central  sagittal  meridian  of  the  eye 
the  objects  are  seen  from,  i.e.,  whether  from  the  right  or 
left  of  the  individual. 


I 


Diagrams  to  illustrate  the  apparent  movement  of  objects  id 
boriEonta]  nystagmus.    See  text  for  explanation. 


In  the  diagrams,  to  illnstrate  the  apparent  movement  of 
objects  in  horizontal  after-nystagmus,  the  dotted  arrow 
shows  the  direction  of  the  nystagmus.  The  image,  X,  in 
the  slow  return  movement  of  the  eye*  falls  upon  succe^s- 
sive  areas  of  retina  placed  farther  and  farther  to  the  left 
of  the  fundus  on  account  of  the  rotation  of  the  eyeball 
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from  right  to  left  about  its  vertical  axis.  This  rotation 
causes  the  anterior  half  ol  the  eyeball  to  rotate  toward  the 
left,  and  the  posterior  half  to  rotate  toward  the  right,  with 
the  result  that  the  image  on  the  retina  appears  to  move 
toward  the  left.  This  is  interpreted  as  a  movement  of 
external  objects  toward  the  right.  Figure  A  shows  X',  the 
location  on  the  retina  of  the  iDiage  of  X,  at  the  com- 
mencement of  the  slow  return  movement  of  the  eye  from 
right  to  left,  Fignre  B  shows  the  h^eation  of  the  same 
image  a  moment  later.  Figure  C  shows  the  location  on 
the  retina  of  tlie  image  X'  at  the  end  of  the  slow  return 
movement,  just  before  the  commencement  of  the  rapid 
series  of  jerks  to  the  right.  During  the  progress  of  the 
slow  movement,  the  degree  of  apparent  displacement  of  the 
retinal  image  X'  corresponds  with  what  would  occur  in 
an  actual  movement  of  the  external  object  X  from  the 
left  to  the  right  of  the  subject  if  the  eyes  were  stationary. 


krz- 
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Dia^rram  to  illuatrate  the  apparent  movement  of  objects   in 
rotary  nystagmus.      For  explanation  see  text. 


In  the  diagram  illustrating  the  apparent  movement  of 
objects  in  rotary  nystagmus,  the  dotted  arrow  represents 
the  direction  of  the  short,  rapid  element,  whilst  the  con- 
tinuous arrow  represents  the  direction  of  the  slow  element. 
An  object  at  A  to  the  right  of  the  sui)ject  casts  its  image 
at  a  on  the  left  side  of  the  retina.  As  tlie  fundus  rotates 
slowly  wilh  the  watch,  the  image  at  a  soon  falls  upon  suc- 
cessively higher  areas  of  the  retina,  re^jre^eultd.  ^  \  ^"a.^  Ci 
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of  the  diagram.  This  is  falsely  interpreted  (projected)  as 
a  movement  of  the  external  object  from  A  to  B  and  C, 
respectively,  i.e.,  as  a  movement  from  a  higher  to  a  lower 
position  when  the  object  is  seen  from  the  right  of  the 
individiiaL 


Diag-ram  to  illustrate   the  apparent  movemeiit  of  objects  in 
rotary  nystagrous. 


In  the  second  diagram^  illustrating  the  apparent  move- 
ment of  objects  in  rotary  nystagmus,  an  object  at  A  to 
the  left  of  the  subject  casts  its  image  at  a  on  the  right  side 
of  the  fundus.  Owing  to  the  slow  rotation  of  the  fundus 
with  the  \vatch,  the  image  at  a  soon  falls  on  successively 
lower  areas  of  the  retina,  represented  by  b  and  c  in  the 
diagram.  This  is  falsely  interpreted  (projected)  as  a 
movement  upward  of  the  object  at  A  to  the  points  B  and  C, 
respectively.  Thos,  because  the  slow  element  of  the  rotary 
nystagmus  is  with  the  hands  of  the  watch,  objects  seen 
from  the  left  of  the  subject  seem  to  ascend,  because  their 
images  fall  upon  successively  lower  areas  on  the  right  half 
of  the  fundus.  The  moment,  however,  that  the  eye,  in  its 
horizontal  movement,  reaches  a  position  in  which  the 
objects  seen  are  situated  on  the  right  of  the  central  sagit- 
tal meridian,  so  that  their  images  fall  upon  the  left  half 
of  the  retina,  then  because  the  slow  rotary  element  is  with 
the  hands  of  the  watch  the  images  appear  upon  successively 
higher  areas  of  the  retina,  and  external  objects,  now  seen 
from  the  right  of  the  individual,  seem  to  move  downward. 
These  fact€j  which  are  in  full  accord  with  the  principles 


of  optics,  should  be  constantly  borne  in  mind,  as  they 
afford  a  satisfactory  explanation  of  the  apparent  contradic- 
tions of  necessity  encountered  wherever  the  findings  in  the 
study  of  rotary  nystagmus  are  recorded. 

In  rotations  in  the  coronal  plane,  the  dominant  type  of 
nystagmus  is  the  rotary  with  a  horizontal  element  admixed. 
In  rotations  with  the  hands  of  the  watch,  the  rotary  ele- 
ment is  directed  primarily,  i.e.,  during  the  actual  rotation 
and  before  slowing  has  occurred,  in  the  direction  of  the 
handia  of  the  watch,  the  horizontal  clement  being  directed 
toward  the  left;  w^hilst  secondarily,  i.e.,  on  slowing  or 
sudden  stopping  of  the  rotation,  the  rotary  element  is 
directed  against  the  watch  and  the  horizontal  element 
toward  the  right.  During  the  secondary  nystagmus,  ex- 
ternal objects  appear  to  move  around  the  subject's  body  in 
the  coronal  plane,  and  in  the  direction  agi^inst  the  hands 
of  the  watch,  that  is,  upward  on  the  left  side  over  the  head 
and  downward  on  the  right.  In  the  study  of  rotary  nystag- 
mus, however,  many  irregularities  are  encountere<i,  since 
the  horizontal  element  is  frequently,  in  this  form  of 
nystagmus,  the  result,  not  of  coordinated  action,  but  of 
the  peculiarities  in  the  arrangement  of  the  muscles  in- 
volved. Owing  to  the  insertion  of  the  superior  and  inferior 
oblique  behind  the  centre  of  rotation  of  the  eyeball 
(Fuchs^^'^),  there  is,  in  rotary  nystagmus,  a  tendency  to 
the  production  of  a  horizontal  element  of  different  direc- 
tion in  either  eye.  Thus,  in  rotary  nystagmus  against  the 
watch  the  short  elements  of  the  nystagmus  resultj  in  the 
right  eye,  mainly  from  short,  rapid  contractions  in  the 
inferior  oblique  of  that  eye,  whilst  in  the  left  eye^  the  simi- 
lar movements  are  to  be  attributed  to  rapid  contractions  in 
the  superior  oblique  of  that  eye.  These  contractions  are 
responsible  for  the  short  elements  of  the  rotary  nystagmus 
against  the  watch.  The  secondary  effects  of  the  contrac- 
tions, however,  cause  a  tendency  to  produce  short  hori- 
zontal movements  toward  the  right  in  the  right  eye,  and 
toward  the  left  in  the  left  eye.  Such  irregularities  of 
function  of  the  muscular  apparatus  of  the  eyeball  are 
ordinarily  compensated  by  the  action  of  the  other  ocular 
muscles.  Strongly  turning  the  eye  from  one  side  to  the 
other,  tends  to  develop  the  irregularity  in  one  eye  and  to 
BUppress  ity  perhaps,  in  the  other.     It  is  owing  to  tha 
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development  or  suppreBsion  of  various  forms  of  nyBtagmus 
that,  by  strongly  turning  the  closed  eyes  in  one  direction 
or  another,  the  subject  can  influence  the  snbiective  sense  of 
motion  he  experiences  during  or  after  rotations. 

Since  in  rotations  these  movements  occur  with  the 
eyes  closed^  and  because  various  physiologists  have  observed 
nystagmus  on  direct  stimulation  of  the  semicircular  canals, 
it  is  fair  to  conclude  that  in  rotations  nystagmus  is  mainly 
the  result  of  irritation  of  certain  labyrinthine  receptors, 
depending  upon  the  form  of  nystagmus  produced.  The 
labyrinthine  nystagmus  caused  reflexly  when  the  body  is 
rotated,  is  a  physiological  process  intended  to  facilitate 
visual  fixation,  and  is  associated  with  other  reflex  com- 
pensatory movements  (synkineses),  also  of  lab}Tinthine 
origin.  However,  where  the  body  is  stationary  and  an 
attempt  is  made  at  visual  fixation  of  rapidly  passing  ob- 
jects, a  visual  nystagmus  is  evoked  through  the  retinal 
receptors.  It  is  probable  that  in  rotations  with  the  eyes 
open,  the  nystagmus  is  the  result  of  impulses  generated  in 
both  retinal  and  labyrinthine  receptors  impinging  jointly 
upon  the  same  final  common  paths. 

In  rotations  in  the  sagittal  plane,  nystagmus  of  the 
vertical  type  occurs.  Rotation  in  the  sagittal  plane  with 
the  '*face  firsf'  caused  vertical  nystagmus,  which  was 
primarily  directed  toward  the  feet,  and  secondarily^  i.e., 
after  slowing  or  stopping  of  the  swing,  toward  the 
top  of  the  head.  External  objects  "just  wobbled,^^  with  a 
general  tendency  of  moving  from  the  feet  toward  the  head. 
It  was  a  noticeable  feature  in  rotations  in  the  sagittal 
plane,  with  the  face  forward,  that  the  nystagmus  was  never 
so  intense  as  that  seen  in  rotations  in  the  same  plane 
with  "occiput  first,"  nor  had  the  rotations  the  same  ten- 
dency to  distress  and  sicken  the  subject.  Rotations  in  the 
sagittal  plane  with  the  "occiput  first"  caused  furious 
vertical  nystagmus,  directed  primarily  toward  the  top  of 
tbe  head,  and  seconclnrily,  toward  the  feet.  During  the 
after-nystagmus  external  objects  seemed  to  move  rapidly 
and  steadily  toward  the  feet  from  the  head  in  the  sagittal 
plane. 

In  rotations  about  a  diagonal  transverse  axis  at  the 
level  of  the  umbilicus,  i.e.,  in  a  plane  midway  between  the 
coronal  and  sagittal^  with  the  subject  lying  partly  on  the 


left  side  and  partly  on  the  back,  the  chief  type  of  nystag- 
mus was  vertical  in  direction^  but  with  a  rotary  element 
added-  Rotations  in  this  plane  with  "occiput  first"  caused, 
primarily^  vertical  nystagmus  toward  the  top  of  the  head, 
with  a  rotary  element  against  the  watch.  The  after- 
nystagmus  w'as  toward  the  feet,  with  a  rotary  element 
directed  with  the  watch.  External  objects  seemed  to  move 
from  the  head  to  the  feet,  with  a  slight  diagonal  deviation 
toward  the  left  foot.  At  times  they  seemed  to  move  over 
the  head  from  right  to  left,  with  the  watch  in  a  plane 
between  the  coronal  and  the  sagittal.  During  the  rota- 
tion, on  looking  strongly  toward  the  right,  objects  flew  past 
the  face  from  right  to  left.  During  the  ^''after-nystagraus/' 
on  turning  the  eyes  strongly  to  the  left,  external  objects 
seemed  to  move  about  the  body  in  the  direction  of  the 
hands  of  the  watch,  and  at  the  same  time  showed  a  distinct 
rotary  nystagmus  with  the  watch.  This  latter  was  in- 
hibited by  looking  toward  the  right.  On  another  occa- 
sion during  the  after-nystagmus,  objects  seemed  to  the 
subject  to  travel  in  two  directions^  viz.,  (1)  about  his  body, 
partly  in  the  coronal  plane  and  with  the  watch,  and,  (3) 
from  right  to  left  about  the  long  axis  of  the  subject's  body, 
whereby  the  "wall  seemed  to  be  sinking  into  the  ground." 
The  latter  movement  is  accounted  for  by  a  horizontal  ele- 
ment in  the  nystagmus  directed  toward  the  left,  which  at 
times  accompanies  rotary  nystagmus,  and  in  certain  posi- 
tions of  the  eyes  seems  to  dominate  it. 

In  rotations  in  the  diagonal  plane,  "face  first,^*  the 
secondary  nystagmus  tends  to  be  mild  and  of  short  dura- 
tion, and  is  directed  chiefly  toward  the  top  of  the  head. 

It  is  noteworthy  that  the  nystagmic  movements  of  the 
eyes  that  accompany  rotation,  i.e.,  acceleration  and  retarda- 
tion, are  wholly  reflex  in  their  nature.  Another  note- 
worthy fact  is,  that  the  nystagmic  movements  during  actual 
rotation  always  bear  a  characteristic  fixed  relation  to  the 
direction  in  which  the  body  is  actually  moving,  whilst  dur- 
ing the  **after-nystagmus'^  the  direction  of  the  movements 
of  the  eyeballs  have  a  characteristic  fixed  relation  to  the 
subjective  sense  of  motion  which  the  individual  with  closed 
eyes  experiences.  The  direction  of  this  subjective  sense  of 
motion  is  always  with  the  short  elements,  just  as  the  short 
elements  of  the  primary  nystagmus  are  always  q1  IXi'i  %axaa 
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direction  as  tbat  of  the  actual  rotation.  These  two  facta, 
fiindamoiital  in  importance,  suffice  for  present  purposes. 
The  fuller  discussion  of  the  subjeet  will  receive  attention 
under  aural  irrigations  where  the  intricate  movements  of 
the  eyes  were  studied  with  the  aid  of  the  ophthalmoscope. 

The  changes  that  occur  in  the  fundus  ocuii  during 
rotationi^  are  mainly  those  depentient  upon  altered  condi- 
tions of  the  blood-vessels.  Just  after  a  violent  rotation 
the  arteries  were  generally  found  contracted  and  practically 
empty.  This  condition  was  soon  followed  by  dilatation, 
and  more  or  less  congestion.  Like  nystagnius,  this  part 
of  the  subject,  as  w^ell  as  the  behaviour  of  the  pupils,  is 
best  studied  during  aural  irrigations. 

In  rotations,  turning  the  eyes  constantly  from  one 
side  to  the  other  and  concentrating  the  attention*  bad  a 
powerful  efTect  in  upsetting  the  general  organism  and  caus- 
ing distress.  This  was  most  noticeable  in  a  series  of  rota- 
tions in  the  coronal  plane,  with  the  subjeet  lying  supine, 
where,  under  ordinary  circumstances,  we  might  expect  the 
least  effect  upon  gastric  motility,  nausea,  etc. 


CHAPTER  XV 

"THE  GENERAL   EFFECTS   OF   AURAL   IRRIGATIONS 

The  effects  of  irrigations  of  the  external  auditory  cana! 
rei^emble,  in  general,  those  of  rotations-  Disturbances  of 
equilibrium,  nystagmus,  circulatory  changeSj  nausea,  in- 
creased salivation,  sweating,  pallor,  vomiting,  and  general 
prostration  similar  in  every  particular  to  the  phenomena 
that  accompany  rotations,  occur  when  water  of  a  certain 
temperature  is  allowed  to  flow  contifluously  for  two  or 
three  minutes  into  the  external  auditory  canaL  New  and 
interesting  features,  however,  are  added,  as,  for  instance, 
the  deviation  of  the  head  toward  the  left  with  horizontal 
nystagmus  to  the  right  on  irrigating  the  left  ear  with 
cold  water,  whilst  irrigation  of  the  same  ear  with  hot 
water  produced  similar  phenomena  but  in  the  opposite 
direction,  that  is,  the  head  inclined  toward  the  right,  whilst 
the  nystagmus  was  directed  toward  the  left. 

In  aural  irrigations  the  temperature  of  the  irrigating 
fiuid  is  all-important.  In  this  connection,  it  is  to  be 
remembered  that  the  thermic  effect  of  baths  depends  upon 
the  difference  between  the  temperature  of  the  water  used 
and  that  of  the  surface  of  the  body  upon  which  it  is 
applied.  It  also  depends  upon  the  extent  of  surface  to 
which  the  water  is  applied,  as  well  as  upon  the  suddenness 
and  force  of  impact.  As  the  temperature  of  the  human 
skin  ranges  between  90*^  and  95^  F.,  with  an  average,  per- 
haps, of  92.5**  F.,  hydriatrists  consider  a  bath  of  93""  F.  or 
thereabout  as  neutral,  i.e,,  neither  hot  nor  cold.  The  same 
rules  regarding  temperature,  etc.,  govern  aural  irrigation, 
but  owing  to  anatomical  and  physiological  peculiarities  the 
thermic  neutral  point  is  some  degrees  higher  for  the  laby- 
rinth than  that  for  the  general  skin  surface.  Generally 
speaking,  aural  irrigations  at  80*^  F.  produce  effects  which 
could  not  be  duplicated  By  hot  irrigations  below  110'' F., 
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or,  we  miglit  say,  perhaps  with  more  accuracy  below  113®  F. 
This  would  bring  the  neutral  point  for  thermal  stimuhation 
of  the  labyrinth  close  to  the  interual  body  temperature. 

The  force  under  which  the  fluid  is  driven  into  the 
canal  has  a  certain  effect  in  aural  irrigations,  but  the 
temperature  of  the  fluid  is  the  chief  determining  factor  in 
eliciting  the  characteristic  phenomena.  When  not  other- 
wise mentioned,  the  height  of  the  irrigating  receptacle  in 
the  experiments  is  to  be  understood  as  being  at  1J4  fe^t 
above  the  external  auditory  meatus  in  irrigations  with  the 
subject  Bitting  erect,  and  2j/i  feet  above  the  meatus  in 
irrigations  with  the  subject  in  the  supine  posture. 

Standing  erect  during  the  progress  of  the  irrigations 
has  a  most  powerful  influence  in  aggravating  some  of  the 
phenomena  and  sickening  the  subject.  Sitting  seems  to 
retard  some  of  the  disagreeable  symptoms,  whilst  lying 
Bupine  has  the  greatest  effect  in  retarding  them,  especially 
the  nausea  and  vomiting,  although  if  the  irrigations  be 
prolonged  or  severe,  projectile  vomiting  may  result. 

Concentration  of  attention,  as  well  as  muscular  efforts 
at  balancing,  are  important  secondary  factors  in  determin- 
ing sickness  and  prostration.  It  was  noted  in  irrigations 
with  the  subject  lying  supine  that  constantly  turning  the 
closed  eyes  from  one  side  to  the  other  and  concentrating 
the  attention  to  ascertain  the  direction  in  which  the  sub- 
ject  believed  his  body  to  be  turnings  very  quickly  brought 
the  sickness  to  a  climax,  thereby  corroborating  the  findings 
in  rotations  under  similar  conditions  of  posture. 

Within  limits  of  moderate  range,  bilateral  irrigations 
with  water  at  the  same  temperature  have  less  tendency  to 
sicken  and  disturb  the  subject's  equilibrium  than  unilateral 
irrigation  with  water  at  the  same  temperature.  With  very 
cold  or  very  hot  bilateral  irrigations,  however,  intense  vom- 
iting can  occur,  though  even  with  these,  the  nystagmus 
seemed  to  be  moderate,  or  even  absent-  Thus,  in  a  bilateral 
irrigation  at  67*^  and  in  another  at  57**  F.  vomiting  oe- 
curred»  but  there  was  no  distinct  nystagmus  beyond  a 
slight  jerkiness,  the  direction  of  which  was  doubtful,  but 
which  seemed  to  he  toward  the  top  of  the  head.  There 
was  no  apparent  movement  of  external  objects.  In  bi- 
lateral irrigations,  therefore,  the  vomiting  seems  to  be 
due  to  disturbances  in  the  receptors  in  the  maculae  of  the 
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Testibnle,  whicli,  as  before  stated,  are  probably  in  direct 
relation  with  the  uausea  and  vomiting  mechanisms.  The 
receptors  in  the  maculae  on  either  side  of  the  body,  in  so 
far  as  they  directly  aifect  the  mechanisms  of  nauseii  and 
vomiting,  do  not  seem,  therefore,  to  stand  toward  each 
other  in  the  relation  of  balanced  mechanif^ms  as  do  the 
ampnilary  receptors.  The  macular  receptors,  however,  on 
either  side  of  the  body  are  set  np  against  each  other  as 
balanced  mechanisms,  in  so  far  as  they  affect  other  mechan- 
isms, e.g.,  those  of  equilibration  and  possibly  those  of 
nystagmus. 

The  Effects  of  Aural  Irrigations  upon  the  Circulation 

The  chief  effect  of  cold  or  hot  irrigations  is  an  ira- 
mediate  rise  in  blood-pressure,  with  a  slowing  of  the  pulse. 
During  the  irrigations,  however,  the  blood-vessels  dilate 
and  contract  to  a  considerable  degree  at  very  short  inter- 
vals. After  the  irrigations  there  is  a  rather  rapid  decline 
in  blood-pressure,  with  a  corresponding  rise  in  pulse-rate. 
(See  protocols  18  to  25,  at  the  end  of  this  chapter.) 

Very  hot  and  very  eold  irrigations,  like  very  hot  or 
very  cold  baths,  have  for  their  immediate  effect  an  eleva- 
tion of  the  biood-pressure.  Irrigations  at  temperatures 
within  the  neutral  limits,  i.e.,  a  few  degrees  above  or  below 
98,4^  F.,  have  little  effect  on  the  circulation  unless  given 
under  high  pressure,  when  the  blood-pressure  will  be  raised 
just  as  in  hot  or  eold  irrigations.  (See  protocol  23b.) 
Similarly,  playing  a  strong  light  on  the  eyes  (protocols 
18a  and  18b),  or  any  powerful  stimulation  of  sensory 
nerves,  raises  the  blood-pressure.  During  the  irrigations 
the  blood-pressure  fluctuated  considerably,  and  so  rapidly 
that  the  figures  in  the  protocols  do  not  represent  the  changes 
fairly.  One  such  instance  of  a  steep  drop  in  blood-pressure 
is  shown  in  protocol  22a,  where  there  was  a  drop  from 
140  mm  of  Ilg.  to  80  during  an  irrigation  at  61°  F.  Such 
fluctuations  occurred  so  suddenly  that  usually  there  was 
not  sufficient  time  to  catch  and  record  the  pressures. 

The  changes  in  the  circulation,  therefore,  resemble  those 
tliat  follow  rotation,  and  arc  produced  by  irritation  and 
exhaustion  of  the  same  mechanisms.  The  vaso-motor  sys- 
tem is  in  a  constant  state  of  active  variationj  readily  reeog- 
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nized  in  the  radial  pulse  and  in  the  vessels  of  the  fundus 
oeuli. 

In  hilateral  irrigations  the  blood-pressure  and  pulse- 
rate  are  affeeted  about  the  same  as  in  single  irrigations  of 
the  same  tempemture.     (See  protocol  23a.) 

The  effects  of  consecutive  irrigations,  both  unilateral 
and  bilateral^  are  shown  in  protocol  23.  Both  kinds  of 
irrigations  have  about  the  same  effect  in  raising  the  blood- 
pressure,  whilst  the  pulse-rate  remains  stationary.  The 
effect  of  a  neutral  irrigation  in  raising  the  blood-pressure 
when  the  iluid  enters  the  auditory  canal  under  pressure,  is 
shown  in  protocol  33b.  With  the  irrigating  receptacle  just 
sufficiently  above  the  ear,  to  insure  a  flow,  the  effect  on  the 
pulse-rate  and  blood-pressure  was  nil,  whereas,  with  the 
receptacle  4J^  feet  above  the  ear,  the  blood-pressure  rose 
to  130,  the  pulse-rate  remaining  statiouary. 

There  was  little  noticeable  effect  on  the  respiration 
beyond  the  initial  inspiratory  gasp  at  the  commeDcement 
of  the  irrigations.  AVlien  exhaustion  began  to  set  in,  or 
the  blood-pressure  fell  very  low,  the  respiratory  rate  was 
increased.     (See  protocol  20a.) 


The  Effect  of  Drugs  in  Aural  Irrigations 

The  effect  of  atropin  in  aural  irrigations  was  in  every 
respect  similar  to  its  effect  in  rotations.  The  etficiency  of 
the  vaso-motor  system  was  enhanced  and  the  cardiac 
mechanism  released  from  vagus  control.  Protocols  22b 
and  22c  show  the  action  of  atropin  and  the  response  of 
the  cardiac  and  vaso-motor  mechanisms  to  cold  irrigations, 
Atropin  had  the  same  effect  in  diminishing  nausea  and 
sickness  referable  to  the  stomach  that  it  displayed  in  rota- 
tion sickness.  It  had  no  direct  effect,  however,  in  prevent- 
ing or  diminishing  vertigo^  nystagmus,  or  disturbances  of 
equilibrium. 

Adrenalin  m  iii  intravenously  had  its  well-known  effect 
on  the  blood-pressure.  Its  effect  in  contracting  the  blood- 
vessels was  well  demonstrated  in  the  small  vessels  which 
lie  along  the  handle  of  the  malleus.  These  were  <:jiiite 
invisible  after  the  adrenalin.  Just  as  they  are  immediately 
after  hot  and  cold  irrigations.  When  the  adrenalin  effecte 
had  worn  off,  the  small  vessels^  reappeared  and  were  then 
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seen  to  be  somewhat  dilated,  as  after  aural  irrigations. 
(See  protocol  23c>) 

Adrenalin  was  without  effect  in  combating  the  vertigo, 
nausea,  nystagmus,  and  disturbanceB  of  equilibrium  that 
are  caused  by  aural  irrigations.  A  3%  solution  of  cocain, 
in  e<:|ual  parts  of  analin  oil  and  alcohol,  applied  to  the 
interior  of  the  external  auditory  canal  and  to  the  drum 
membrane,  was  without  effect  upon  the  phenomena  of  irri- 
gations. Pilocarpin  was  tried  and  found  to  have  no  effect 
in  preventing  nystagmus,  vertigo,  naoseaj  gastric  disorders, 
or  disturl)ances  of  equilibrium.  Gr  3^^  of  the  hydio- 
chlorid  was  given  hypoderinieally;  In  seven  minutes  the 
forehead  was  moist,  and  in  fourteen  minutes  it  was  thickly 
covered  with  beads  of  sweat.  Irrigations  were  then  given 
with  the  subjeet  in  the  supine  posture.  The  only  beneficial 
effect  noticed  was  that  the  noise  from  the  irrigation  seemed 
to  be  less  than  usual,  but  as  this  frequently  occurred  where 
no  drug  had  been  used  it  seems  we  are  not  justified  in 
crediting  even  this  to  the  action  of  the  drug.  After  the 
administration  of  tlie  pilocarpin  ^there  was  a  gradual  rise 
in  pulse-rate  and  blood-pressure,  followed  later  by  a  grad- 
ual subsidence,  so  that  in  the  course  of  two  hours  the  cir- 
culation was  about  in  the  condition  it  had  been  in  before 
the  administration  of  the  drug.     (See  protocol  24.) 

It  will  be  noted  that  the  effect  of  pilocarpin  upon  the 
circulation  in  this  instance  differs  from  that  generally 
ascribed  to  the  drug,  ITsunlly  pilocarpin  slows  the  heart 
by  stimulation  of  the  cardiac  vagus  endings,  and  lowers 
the  blood-pressure  by  depression  of  the  vaso-constrictor 
centre  in  the  medulla.  The  absence  of  the  usual  effects  of 
the  drug  upon  the  circulation  in  this  instance  may  he 
explained  by,  (1)  the  moderate  dosage,  although  the  effect 
upon  the  salivary  and  sweat  glands  was  pronounced ;  (2) 
the  counteracting  effect  of  the  psychic  condition  and  of 
surrounding  circumstances  (the  subject  had  been  a  long 
time  anticipating  this  test  and  during  the  experiment  he 
lay  on  the  table  with  very  little  clothing  on  him,  as  the  day 
was  warm)  ;  (3)  the  idiosyncrasies  of  the  individual  who 
seldom  sweats,  and  never  profusely,  and  whose  circulatory 
mechanism  is  strong  at  the  cardiac  end,  and  perhaps  rela* 
lively  feeble  at  the  vaso-motor  end. 

The  evidence  brought  forth  by  these  experiments  does 
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not  tend  to  gT^pport  those  clinicians  (Politzer^  Lermoyez, 
and  others)  wlio  claim  so  mueh  for  pilocarpin  in  inflam- 
matory and  other  conditions  affecting  the  internal  ear. 

The  effect  of  hypnotic  suggestion  upon  the  phenomena 
evoked  hy  aural  irrigations  was  studied  extensively.  Fol- 
lowing are  some  of  the  notes  taken  during  the  experiments; 
Irrigation  at  72°  F.  of  the  left  ear  for  three  minutes  in  a 
subject  with  normal  hearing  in  both  ears  caused  the  usual 
phenomena  with  nystagmus  and  apparent  movement  of 
ob]eets  to  the  right.  In  waking  hypnosis,  with  the  sug- 
gestion that  it  w^ould  not  make  him  sick,  dizzy,  etc., 
another  irrigation  at  73°  F.  was  given.  The  head  did  not 
seem  to  fall  one  way  or  the  otlier.  The  subject  was  made 
very  dizzy,  but  stated  he  did  not  feel  the  **loss  of  the  sup- 
ports" of  the  head  on  either  side.  There  was  slight  visible 
ny^tagmus^  but  the  eyes  were  kept  closed  and  turned 
strongly  upward,  whilst  the  subject  manifested  a  strong 
tendency  to  sleep.  After  the  irrigation^  and  whilst  still  in 
hypno^iS;  the  subject  walked  without  etaggering,  but  the 
gait  was  slow  and  studied,  every  step  being  apparently 
made  with  the  greatest' possible  care»  The  subject  was 
rather  quickly  taken  out  of  hypnosis  and  at  once  lost  his 
balance, 

A  little  later,  with  eyes  closed,  he  tried  to  stand  first 
on  the  left  foot,  and  then  on  the  right.  In  each  case  it 
was  impossible  for  him  to  steady  himself.  He  was  com- 
pelled to  make  a  constant  succession  of  hops  in  order  to 
maintain  his  equilibrium.  When  attempting  to  stand  on 
the  right  foot  the  hops  were  made  toward  the  right*  and 
■when  attempting  to  stand  on  the  left  foot  the  hops  were 
made  toward  the  left*  The  same  subject,  on  a  subsequent 
occasion,  received  an  irrigation  in  the  left  ear  at  TO'*  F. 
but  without  hypnosis.  The  usual  phenoniena  were  mani-j 
fested.  After  the  irrigation,  on  atteuipting  to  stand  on 
either  leg  the  subject  fell  toward  the  left,  but  after  a  time 
there  was  a  slight  reactionary  tendency  to  fall  to  the  right. 

Under  hypnosis,  with  the  suggestion  that  the  irriga* 
tion  would  not  disturb  him,  an  irrigation  of  70°  F,  for  four 
minutes  was  given  in  the  left  ear.  The  visible  nystagmus 
was  not  nearly  as  pronounced  as  might  have  been  expected 
from  such  an  irrigation.  After  the  irrigation  the  subject, 
Btill  in  hypnosis^  balanced  well  on  either  foot 
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A  prolonged  irrigation  at  70**  F.  was  given  under  hyp- 
nosis, with  the  suggestion  that  it  was  warm  water.  The 
gnbjeet  manifested  great  comfort  in  his  facial  expression, 
but  at  times  made  the  usual  wry  faces.  Kystagmus  to  the 
right  was  manifested,  but  it  was  not  so  apparent  as  one 
should  expect.  After  the  irrigation,  and  still  in  hypnosis, 
the  subject  stood  well  with  the  feet  close  together,  and  with 
eyes  closed,  but  he  was  unable  to  balance  on  one  foot  with 
eyes  open  or  closed. 

It  was  noted  that  during  the  irrigations  the  left  pupil 
was  smaller  than  the  right.  The  knee-jerks  were  slightly 
increased.  Under  the  suggestion  that  the  knee-jerks  were 
exaggerated,  the  motor  response  to  the  tendon  tap  was 
slow  and  of  wide  range,  suggestive  of  voluntary  extension 
of  the  leg  rather  than  of  the  sharp  response  of  the  true 
reflex. 

On  another  occasion  the  same  subject  was  put  through 
balancing  tests  before  irrigation  was  practised.  It  was 
found  that  with  the  eyes  open  he  could  stand  well  with 
both  feet  close  together  and  on  either  foot,  whereas,  with 
the  eyes  closed  he  could  stand  on  both  feet,  but  not  very 
well  on  either  foot  alone.  The  pupils  were  observed  to  be 
rather  small.  Before  irrigation^  the  pulse-rates  were  60, 
'i2,  72,  with  corresponding  blood- pressures  of  120,  120, 
115.     (See  protocol  25.) 

Irrigation  at  69^*  F,  in  left  ear  without  hypnosis  caused 
the  usual  phenomena.  During  the  irrigation  the  pulse- 
rates  were  68,  G8,  with  blood-pressures  of  120  and  120. 
After  the  irrigation,  with  the  eyes  open  he  could  not  stand 
well  on  either  foot,  but  tended  to  fall  to  either  side. 

Under  waking  hypnosis  the  pulse-rates  were  68,  68, 
with  blood-pressure  of  115  and  115.  With  the  suggestion, 
that  he  was  receiving  a  cold  irrigation  in  the  left  ear,  the 
subject  made  wry  faces  and  behaved  as  if  he  were  actually 
receiving  a  cold  irrigation,  although  no  irrigation  whatever 
was  given.  Both  pupils  were  moderately  dilated,  but  the 
left  was  smaller  than  the  right.  There  was  no  hippus 
present.  On  looking  to  the  right,  the  eyes  jerked  slightly 
that  way,  and  the  head  inclined  toward  the  left.  There 
seemed  to  be  an  awkward  attempt  at  reproducing  an  irreg- 
ular type  of  nystagmus. 

Before  irrigation  the  pulse-rate  was  64,  and  tU^  VVi^^- 
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pressure  115.  An  irrigation  at  69**  F.  was  given  in  the 
left  ear  for  three  minutes,  with  the  pubjeet  in  hypnosis,  and 
with  the  suggestion  that  it  was  a  pleasant,  tepid  irrigation 
which  wonld  not  disturb  him  or  make  his  eyes  jerk.  One 
minute  after  iitarting  the  irrigation  the  pnlse-rate  was  64, 
and  the  blood -pressure  115.  There  was  ecarcely  any  nystag- 
mus present,  and  that  chiefly  on  looking  to  the  right. 
The  head  did  not  fall  to  the  left  after  the  irrigation,  and 
the  subject  walked  well,  even  with  the  eyes  closed.  The 
gait,  however,  was  painfully  slow  and  studied.  On  being 
taken  out  of  hypnosis  he  stood  and  walked  well,  but  he 
relapsed  so  quickly  into  hypnosis  that  it  was  doubtful 
whether  he  had  been  thoroughly  aroused  from  the  hypnotic 
state. 

An  irrigation  at  fiS**  F.  was  given  in  the  left  ear,  but 
without  hypnosis.  The  usual  nystagmus,  etc.,  were  mani- 
fested. After  the  irrigation,  the  subject  stood  well  with  the 
eyee  closed,  and  appeared  to  stand  better  on  the  foot  of  the 
side  irrigated  than  on  the  opposite  foot.  In  the  last  in- 
stance he  fell  generally  toward  the  side  of  irrigation. 

Under  hypnosis  a  cork  was  placed  in  the  subjeet^s  out- 
stretched hand,  with  the  suggestion  that  it  was  a  heavy 
weight.  Appropriate  grunts  and  gestures  were  made  as 
though  a  heavy  weight  was  sustained  at  a  great  disad- 
vantage, but  little,  if  any,  perceptible  change  in  the  pulse- 
rate  or  blood-pressure  was  registered. 

On  another  occasion  the  subject  was  tested  before  irri- 
gations were  praotii^ed.  With  closed  eye«  he  stood  fairly 
well  on  either  foot,  hut  lo^t  his  balance  after  three  seconds. 
Siitanding  on  the  left  foot,  he  lost  his  balance  toward  the 
left.  Standing  on  the  right  foot,  he  lost  his  balance  toward 
the  right. 

An  irrigation  of  the  left  ear  at  G9°  R  caused  inarked 
nystagmus  in  less  than  one  minute.  After  the  irrigation 
the  subject,  with  eyes  closed,  was  unable  to  stand  on  either 
foot.    This  disability  persisted  for  one  or  two  minutes. 

Irrigation  of  left  ear  at  111°  F.  caused  some  nystagmus* 
Irrigation  at  116°  F.  caused  well-marked  nystagmus.  After 
the  irrigation  the  subject  was  unable  to  stand  on  either  foot 
with  the  eyes  closed.  After  an  irrigation  in  the  left  ear  at 
120^  F.  the  subject,  with  eyes  open^  stood  better  on  the 
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right  foot  than  on  the  left.  With  eyes  closed^  he  was 
imable  to  stand  on  either  foot,  but  marie  better  attempts 
to  stjind  on  the  right.  The  subject,  after  a  short  rest,  was 
hypnotized  and  an  irrigation  at  69°  F.  of  the  left  ear 
given»  with  the  suggestion  that  the  water  was  tepid  and 
soothing,  and  would  not  make  the  eyes  jump,  etc.,  or  dis- 
turb his  balance.  Violent  iiystagnius  was  manifested  early 
during  the  irrigation.  After  the  irrigation,  with  eyes 
closed,  he  balanced  well  standing  on  both  feet,  but  did  so 
very  awkwardly  on  one  foot,  making  wide  sweeps  of  the 
opposite  leg  in  order  to  maintain  his  balance,  and  being 
finally  compelled  to  touch  the  floor. 

Using  the  same  subject,  before  irrigation  the  pulse-rates 
were  84,  92,  84,  and  84,  with  corresponding  blood-preBsures 
of  110,  110,  110,  and  110.  An  irrigation  of  the  left  car 
was  given  at  69"  F.  During  the  irrigation  the  pupils  were 
moderately  dilated,  the  left  being  smaller  than  the  right, 
whilst  the  pulse-rates  were  76  and  76,  the  blood-pressures 
being  115  and  115.  After  the  irrigation,  the  subject  was 
dull  and  heavy.  He  had  evidently  gone  into  hypnosis-  He 
was  unable  to  stand  with  eyes  closed,  and  could  not  lift  one 
foot  from  the  ground  without  fulling. 

Under  hypnosis  before  irrigation,  the  pulse-rate  was  76 
and  the  blood -pressure  115.  An  irrigation  at  69°  F.  was 
given  in  the  left  ear  under  hypnosis,  and  with  the  sugges- 
tion that  the  water  was  tepid  and  would  not  sicken  or 
disfurb  him.  During  the  irrigation  the  pupils  at  first  con- 
tracted and  then  became  moderately  dilated,  but  the  left 
remained  smaller  than  the  right.  There  was  well-marked 
nystagmus  to  the  right.  During  the  irrigation  the  pulse 
was  76,  and  the  blood-pressure  120,  with  the  artery  well 
contracted.     After   irrigation   the  subject   balanced   much 

I      better  tlian  he  did  after  the  previoiis  irrigation,  and  yet 

^»both  irrigations  were  of  the  same  temperature  and  duration. 

^^faowever,  it  was  only  with  great  dilheulty  that  he  could 

^^Btand  on  one  foot. 

I  Before  being  put  into  general  cataleptic  rigidity,  the 

pulse-rate   was   73   and   the   blood-pressure    110.     jluring 
general  cataleptic  rigidity  the  pulse-rate  was  76  and  the 
blood-pressure  110.    The  suggestion  was  made  to  the  sub- 
that  he  supported  upon  his  outstretched  hand  a  weight 


of  100  pounds.  During  the  efforts  he  made  to  support  this 
imaginary  weight  the  pulse-rate  was  80  and  the  blood- 
pressure  115. 

On  another  occasion,  examination  of  the  subject  before 
the  irrigations  and  without  hypnosis  showed  the  pnlse-rate 
to  be  84j  84,  88,  and  88^  the  blood-pressures  being  115, 
115,  115,  and  110.  Under  hypnosis  the  pulse^rates  were 
76,  76,  84,  88,  and  the  blood-pressures  115,  115,  130,  and 
115.  An  irrigation  of  the  left  ear  at  115^  F.  was  given 
under  hypnosis,  and  with  the  suggestion  that  the  water  was 
warm  and  agreeable  and  would  not  cause  **^jumping  of  the 
eyes"  or  other  disturbance.  During  the  irrigation  the 
pupils  were  moderately  dilated,  but  the  left  was  a  little 
smaller  than  the  right.  The  head  was  inclined  to  fall  to 
the  right.  There  was  no  visible  nystagmus.  During  the 
irrigation  the  pulse-rates  were  76,  80,  80,  88,  and  the 
blood-pressures  110,  110,  110,  and  105. 

An  irrigation  of  the  left  ear  at  120^  F.  was  given  under 
hypnosis,  and  with  the  suggestion  that  it  w^ould  sicken  him 
and  make  him  vomit.  The  subject  made  all  sorts  of 
attempts  to  vomit,  but  there  was  no  actual  vomiting* 
During  the  irrigation,  with  the  attempts  at  vomiting  the 
pnlse-rates  were  84,  88,  88,  whilst  the  blood -pressures  were 
110,  130,  and  135. 

An  irrigation  at  64**  F.  in  the  left  ear  was  given,  with 
the  suggestion  that  it  would  sicken  the  stomach  and  cause 
vomiting.  There  were  occasional  attempts  at  vomiting. 
During  the  irrigation  the  pulse-rates  were  84,  76,  84,  84, 
84,  96,  92,  84,  84,  84,  84,  93,  and  93,  with  corresponding 
blood-pressures  of  135,  115,  125,  125,  130,  115,  115,  115, 
115,  115,  110,  105,  and  105. 

After  an  irrigation  of  left  ear  at  64°  F.  the  subject  was 
immediately  put  into  general  catalepsy  in  the  standing 
position,  wnth  the  feet  a  little  apart,  so  as  to  insure  proper 
balance.  In  this  condition  he  was  more  easily  pushed  over 
to  the  left  than  to  the  right. 

An  irrigation  of  the  left  ear  was  given  at  123'^  F,  under 
hypnosis,  but  without  any  particular  suggestion.  There 
was  no  nystagmus,  even  on  looking  to  the  right  or  left 
After  the  irrigation,  on  being  made  rigid  he  was  stiff 
toward  either  side  as  he  sat  on  the  stool,  but  on  being 
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made  rigid  in  the  Btanding  position  lie  was  easily  pushed 
over  to  the  right.  He  could  Dot  readily  be  puslied  over 
to  the  left,  but  it  took  vefy  little  force  to  make  him  lose 
his  balance  toward  the  right.  In  the  hitter  direction,  on 
being  pushed  the  subject  toppled  over  like  a  statue.  He 
seemed  to  be  unable  to  make  any  effort  at  recovering  his 
balance  when  his  equilibrium  was  displaced  to  the  right. 

During  irrigation  of  left  ear  at  63**  F.,  under  hypnosis, 
with  the  subject  standing  and  in  a  state  of  general  cata- 
leptic rigidity^  there  was  nystagmus  toward  the  right,  and 
the  subject  at  first  toppled  over  to  the  right,  then  to  the 
left,  and  later  on  in  various  directions.  His  feet  were 
close  together. 

An  irrigation  of  the  left  ear  at  ^2°  F.  was  given  the 
subject  as  he  stood  with  the  feet  wide  apart  and  the  neck 
and  head  in  a  state  of  cataleptic  rigidity.  There  was 
nystagmus  to  the  right,  but  the  head  did  not  incline  to 
either  side.  On  closing  the  eyes,  the  snbject  felt  himself 
revolving  from  right  to  left  (probably  an  error)  about  his 
long  axis.  The  irrigation  was  repeated  with  the  subject 
rigid  from  the  head  down,  but  with  the  head  and  neck 
loose  and  free.  During  the  irrigation  the  head  fell  freely 
toward  the  left  side. 

A  bilateral  irrigation  at  62"  F.  was  given,  with  the 
subject  in  general  cataleptic  rigidity  and  standing  in  a 
natural  attitude.  During  the  irrigation  the  snbject  at 
first  fell  backward  and  had  to  be  supported.  Later  he 
was  inclined  to  topple  over  in  varions  directions.  After 
the  irrigation,  standing  with  eyes  closed  and  with  the 
feet  close  together,  he  fell  forw^ard  and  to  the  left,  but 
later  he  fell  backward  and  to  the  right.  It  was  found 
on  investigation  that  the  water  used  in  the  left  ear  was 
two  or  three  degrees  colder  than  that  used  in  the  right. 
It  was  quite  some  time  after  the  irrigation  before  the  sub- 
ject could  walk  w^elL  Some  genuine  attempts  at  vomiting 
were  made  after  the  irrigation,  and  later  when  the  stomach 
tube  was  passed  the  subject  actually  vomited.  This  was 
an  unusual  thing,  for  previously  it  had  been  impossible  to 
upset  the  stomach  by  irrigations.  Evidently  giving  the 
irrigations  with  the  snbject  standing  and  making  the  extra 
efforts  necessary  to  preserve  equilibrium,  had  something  to 
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do  with  Bickening  the  stomaeh.  The  chyme  vomited 
amoimted  to  5  viii.  It  appeared  to  contain  chiefly  bread 
and  curdled  milk,  the  remains  of  a  meal  of  bread,  butter 
and  milk,  ingested  at  7  a.m.  Tlie  stomach  contents  were 
withdrawn  at  10  a.m.  Analy^sis  showed:  total  acidity  ,32% 
by  weight,  free  IICl  .12%,  combined  HCl  ,12%,  ^  There 
was  a  considerable  amount  of  mucus,  but  no  bile  or  blood, ' 
Starch  and  protein  digestion  was  fair.  Lactic  acid  was 
present,  due  probably  to  the  milk  int^asted.  It  should  be 
Eoted  that  this  was  not  a  regular  test  meal. 

From  the  foregoing,  it  appears  that  by  means  of  hyp- 
notic suggestion  the  disturbances  of  ef|iiilibrium  following 
aural  irrigations  can,  to  some  extent,  be  compensated.  It 
is  also  evident,  as  seen  from  protocol  25,  that  in  the  main, 
hypnotic  suggestion  seemed  to  be  able  to  counterbalance 
the  usual  effects  of  aural  irrigations  upon  the  blood- 
pressure.  However,  the  natural  resistance  of  the  indi- 
vidual in  this  respect  must  be  taken  into  consideration, 
since,  on  many  occasions,  irrigations  in  the  normal  waking 
state  were  without  marked  effect  upon  the  circnlation.  It 
is  also  fairly  evident  that  hypnotic  suggestion  cannot  alto- 
gether prevent  nystagmus  during  irrigations.  The  effect 
of  posture  upon  the  phenomena  of  nausea  and  vomiting 
was  strikingly  evident  in  this  particular  individual,  who 
could  not  be  made  to  vomit  by  irrigations  or  suggestions 
so  long  as  he  was  allowed  to  remain  sitting,  hut  who  was 
easily  sickened  by  irrigations  practised  on  him  whilst 
standing  erect.  It  seemed  that  where  disturbances  of  equi- 
librium were  compensated  by  hypnotic  suggestion  there 
was  snbsequcntly  some  tendency  to  physical  exhansliou.  In 
some  instances  it  was  noted  that  after  repeated  irrigations 
there  was  absence  of  response  on  the  part  of  the  laby- 
rinthine receptors  or  their  related  mechanisms.  This  was 
taken  as  an  indication  of  exhaustion.  A  similar  condition 
was  observed  where  aural  irrigations  and  rotations  were 
practised  simultaneously  or  in  immediate  succession.  It 
mhould  be  borne  in  mind  that  aural  irrigations  are  not  as 
effective  in  producing  labyrinthine  phenomena  as  rotations. 
In  addition  to  this,  the  varying  density,  thickness,  etc.^  of 
the  portions  of  the  temporal  hone  forming  the  roof  of  the 
esternal  auditory  canal  and  of  the  tymparmm  in  various  in- 
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dividuals  inakes  the  question  of  susceptibility  to  irriga- 
tions a  particular  one  for  each  individual  case.  Hence,  too 
much  importance  should  not  be  attached  to  hypnotic  sug- 
gestion as  a  means  of  counteracting  irrrgation  sickness, 
since  it  had  no  marked  eifect  in  offsetting  or  preventing 
the  distressing  effects  of  rotations. 
The  conclusions  are: 

1.  That  in  their  general  effects,  aural  irrigations  act  in 
a  manner  precisely  similar  to  rotations,  causing  identicxil 
phenomena  by  disturbance  of  the  self-same  organs  and 
mechanisms. 

2.  That  bilateral  simultaneous  stimulation  of  the  laby- 
rinthine receptors  of  moderate  intensity  has  less  effect  in 
causing  the  general  characteristic  nystagmus  and  deviations 
than  unilateral  stimulation  of  the  same  degree,  although 
the  effect  of  both  upon  the  circulation  and  the  mechanism 
of  vomiting  is  about  the  same. 

3.  That  atropin,  adrenalin^  pilocarpin  and  cocaiii 
(the  last  applied  to  the  external  auditory  canal  and  dram- 
head),  have  no  effect  in  preventing  or  suppressing  the  im- 
mediate effects  of  thermic  irritation  of  the  labyrinthine 
receptors  upon  the  cereliellar  and  medullary  centres,  al- 
though some  of  the  remote  secondary  effects  (e.g.,  gastric 
disturbances)  may  be  counterbalanced  by  atropin. 

4-  That  the  characteristic  phenomena  caused  by  aural 
irrigations  are  not  due  to  circulatory  disturbances  in  the 
Inliyrinth,  such  as  increased  blood-pressure  or  vaso-motnr 
disturbance,  because  during  the  height  of  its  action  adrcn- 
alin  did  not  prevent  the  u^sual  effects  of  aural  irrigations. 

5.  That  h\7motic  suggestion  cannot  overcome  the 
primary  effects  of  vigorous  stimulation  of  the  labyrinthine 
receptors^  tbongh  it  may  help  in  preventing,  for  a  timc^ 
displacements  of  equilibrium,  and  offset  the  effects  of 
gecondarv  disturbances,  such  as  psvchic  distress  and  tho 
like. 

6.  That  the  upright  position  (active  equilibration)  bas 
much  to  do  in  determining  certain  of  the  effects,  e.g.,  vom- 
iting, etc.,  of  aural  irrigations,  whilst  the  sitting  posture 
diminishes  or  delays  them. 
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PROTOCOLS                                          ^M 

18a— On  **B,**  January  10,  1909                                      1 

PuJae*  Blood-                                           Renmrki-                                                               1 

rate. 

press. 

68 

95      Normal,  sitting. 

72 

105 

68 

lOO 

68 

105 

68 

105 

72 

125      On  stimulation  of  retina  by  strong  light. 

76 

125 

76 

130 

72 

105      Light  removed. 

72 

105      1  min.  after. 

76 

95      2 

68 

100      3 

72 

100      4 

On  second  application  of  the  light  the  blood-pre&sure  rose               I 

momentarily,  but  soon  fell  to  90.                                                                   1 

18b-Oa  '*Br  January  17,  1909                                       1 

72 
68 
68 

95  Normal,  1 
100                                                                                        ^M 

95  Strong  1i?bt  thrown  into  eye  ^H 
105      During  stimulation  of  retina  by  strong  light         ^ 

64 

72 

90 

72 

lOO          "               "                  ** 

68 

nn                ii                        %t                             <i                                   i< 

68 

80      After  removal  of  light. 

64 

80 

64 

80 

68 

SO      During  stimulation  of  retinae  by  light 

64 

UQ                  it                         n                                    tt                         « 1 

64 

9fO           "                '*                       *'                *' 

64 

80      After  removal  of  light 

64 

80 

ISc-On  «S;'  January  10,  1909 

68 

115      1  min-  after  irrigation  of  left  ear  at  75°  P. 

for  2  min. 

68 

105      2  min.  after  irrigation  of  left  ear  at  75"  P. 

for  2  min. 

68 

95      3  min.  after  irrigation  of  left  ear  at  75"  P. 

Dizzy. 

72 

100      4  min.  after  irrigation.     Dizziness  gone.             ^^H 
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Time,   Pulse-  Blood- 

Remarks. 

a.m.     rate. 

preu. 

64 

120 

Just  after  irrifiration  of  ri£rht  ear  at  1&*  F. 
for  3  min.    Dizzy. 

68 

105 

1  min.  after  irrigration. 

72 

100 

2 

68 

100 

3 

68 

110 

After  irrigr'n  of  right  ear  at  115®  P.  for  8  min. 

68 

105 

1  min.  after.    Sli^rht  dizziness. 

72 

105 

2 

68 

After  irrifiration  of  rififht  ear  for  2  min. 

64 

1  min.  after.     No  dizziness  until  now. 

68 

2        "              Dizziness  gone. 

68 

3 

68 

4 

10— On  "S,"  January  24,  1909 

72 

115 

Normal. 

72 

115 

<< 

72 

120 

Strong  light  in  eyes. 

72 

125 

<<         «<           f 

72 

120 

Light  removed. 

72 

120 

1  min.  later. 

72 

110 

Normal. 

72 

110 

•• 

72 

125 

Just  after  cold  irrigation  of  left  ear. 

72 

120 

1  min.  later. 

68 

120 

After  cold  irrigation  of  left  ear. 

72 

125 

1  min.  after. 

76 

125 

2 

68 

115 

3 

72 

110 

4 

72 

110 

6 

68 

105 

6 

68 

105 

7 

64 

125 

After  cold  irrigation  of  left  ear. 

72 

125 

1  min.  after. 

76 

120 

2 

68 

115 

3 

72 

110 

4 

68 

115 

5 

68 

110 

6 

64 

115 

After  hot  irrigation  of  left  ear. 

72 

115 

1  min.  after. 

72 

115 

2 

76 

115 

3 

9:38     .. 

. . 

Atropin,  gr  1/100,  hypo. 

9:39     72 

105 

72 

110 

72 

100 

68 

106 

, 
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Time. 

FutB«.  Blood. 

If<iniirkii                                            4 

a.in. 

rate. 

preaB, 

9:44 

64 

110 

68 

110 

72 

110 

9:48 

72 

no 

72 

100 

64 

105 

68 

95 

64 

95 

64 

105 

68 

105 

10:01 

64 

120 

After  cold  irrigation  of  left  ear. 

64 

115 

1  min.  after. 

60 

105 

2 

64 

110 

3 

68 

110 

4 

64 

110 

5 

L0:10 

64 

125 

During  hot  irrig-ation  of  left  ear. 

68 

110 

1  min,  after. 

68 

no 

2 

68 

95 

3 

68 

105 

4 

64 

120 

Stimulation  of  left  retina  by  strong  light 

68 

120 

*i                                                          i*                                                   *4 

72 

116 

Light  removed. 

76 

110 

f « 

76 

115 

Alternate  stimulation  of  each  retina. 

72 

115 

i  1                                               11                                                  14                        14 

72 

115 

Light  removed. 

, , 

105 

1  min.  later. 

About  one  minute  after  the  commencement  of  cold  irri- 
gations the  subject  became  dizzy,  and  external  objects 
seemed  to  move  in  the  horizontal  plane  toward  the  sub- 
ject's right  This  phenomenon  was  foiind  to  be  con- 
stant in  all  cold  irrigations  below  a  certain  degree. 
The  dizzineas  seemed  to  last  until  the  blood-pressure 
began  to  fall.  After  atropin  the  pulse  was  small  and 
irregular  in  rhythm  and  the  cold  irrigations  seemed  to 
have  greater  power  to  cause  dizziness.  The  hot  irri- 
gations caused  less  dizziness  than  the  cold,  and  the 
apparent  movement  of  external  objects  was  toward 
the  subject's  left,  with  an  up  and  down  element  of 
motion.  All  irrigations  were  given  in  the  left  ear. 
The  subject  was  nauseated  once  during  the  stimula- 
tion of  the  retina  by  strong  light.  After  atropin  the 
cold  irrigations  caused  external  objects  to  move  (ap- 
parently) up  and  down  with  a  wavy  motion  as  well  aa 
to  the  subject's  right. 


■ 
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20a— On  "S/'  January  26,  1Q09                                  ^M 

^m                 Putse-  Blood' 
^^H                   rate,    pretut. 

Bftmiirks.                                                       ^^H 

H 

105 

After  smokingr.     Respirations  18.                            ^H 

■ 

120 

^^^H 

^1 

125 

^^^^1 

H 

125 

^^^1 

^1                80 

120 

^^^H 

^1                80 

120 

^^H 

^1 

125 

Af  ter  i rr iKat ion  of  1  e f  t  ea r  w i  th  w arm  wa te r .  ^H 
Respirations  18.                                                          ^H 

^M 

125 

After  irrigation  of  left  ear  with  warm  water,  ^^M 
Respirations  18.                                                        ^^M 

^^^ 

125 

After  irrig-ation  of  left  ear  with  warm  water,  ^^M 
Respirations  18.                                                      ^H 

^^1 

125 

After  i  rriff ation  of  left  ear  with  warm  water.  ^H 
Respirations  18.                                                   ^H 

^K 

120 

^^H 

H                80 

115 

^^M 

■ 

120 

^^M 

H               BO 

120 

^^M 

■ 

120 

^^M 

,^^^ 

120 

After  irrigation  of  left  ear  with  warm  water.  *  ^H 
Respirations  18.                                                      ^H 

^^B 

120 

After  irrigation  of  left  ear  with  warm  water.  ^H 
Respirations  13.                                                        ^^M 

^^^ 

120 

After  irrigation  of  left  ear  with  warm  water.  ^^M 
Respirations  18.                                                        ^H 

^m 

125 

After  cold  irrigation  of  left  ear.  Resp.  24.            ^H 

H                80 

125 

^^^H 

■                80 

125 

^^^1 

H                80 

116 

^^H 

■ 

120 

^^^1 

H 

115 

^^H 

■ 

no 

^^^1 

H 

120 

^^^1 

^B 

120 

^^^1 

^H               80 

130 

After  hot  irrigation  of  left  ear.                              ^H 

^l               76 

125 

^^^H 

■               84 

120 

^^^H 

H 

115 

^^^1 

^J^         The 

warm 

irrigations  had  little  effect  upon  the  blood-         ^H 

^^^^           pressure 

,  pulse-rate,  or  respiration.    There  was  no          ^H 

^^^^H           dizziness 

or  nystagmus.     The  subject  experienced         ^H 

^^^^H           nothing:  but  a  soothing  sensation.     The   cold  irrig^a-          ^^1 

^^^^H           tions  caused,  at  firsts  a  rise  in  blood-pressure  and  in          ^^M 

^^^H            the  pulse^ratG.  Later  on,  the  blood-pressure  and  pulse-          ^H 

^^H           rate  fell 

and  showed  a  tendency  to  fluctyate.     The          ^H 

^^^^B           cold  irrigations,  however,  caused  increased  respira-          ^^M 

^^^M          tory  rate,  dizziness,  pallor,  nausea,  lump  aensation  in         ^H 
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the  stomach  and  nysta^mus^  with  apparent  movement 
of  external  objects  to  the  subject's  ri^ht.  The  hot 
irrigation  caused  dizziness  and  nystagmus,  but  exter- 
nal objects  seemed  to  move  toward  the  subject's  left. 


SOb— On  «S,«  January  29,  1009 


Pulse.  Blood- 


Ramttrks. 


Normal, 


After  warm  irrigation  of  ri^ht  ear. 


During  cold  irrigation  of  right  ear. 


after. 


The  only  effect  of  the  wann  irrigation  was  a  soothing 
sensation.  The  cold  irrigation  sent  the  blood-preS' 
sure  up,  hut  there  was  a  marked  immediate  drop  dur^ 
ing  the  irrigation  not  shown  in  the  blood-pressure 
figures.  In  addition,  there  was  dizziness,  nausea, 
increased  saliva  and  nystagmus,  with  apparent  move- 
ment of  external  objects  toward  the  subject^s  left. 
After  the  irrigation  the  subject  had  chilly  sensations 
along  the  spine,  and  felt  as  if  he  ^'had  swallowed 
emoke."  With  this  there  was  a  sense  of  oppression 
referred  to  the  epigastrium.  The  hearing  for  the 
watch  was  18  inches  for  both  ears.  The  right  exter- 
nal auditory  canal  was  abnormally  tortuous.  The 
persistence  of  the  blood-pressure  at  125  after  the  cold 
irrigation  was  probably  due  to  the  nausea. 


21— On  «B,"  January  31,  1909 
05      Normal. 


After  cold  irrigation  in  left  ear. 
1  min.  later- 
After  cold  irrigation  of  left  ear. 
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Remarks. 


Tiffie^   Pulae-  Blood- 
a.izi.      r&te.    preaa. 

84      120      1  min.  after. 

76      115      2 

After  this  irrig-ation  there  was  a  slight  dizziness,  ea- 
pecially  when  the  subject  raised  or  moved  the  head. 
During  the  irrigation  the  subject  began  to  perspire, 
and  a  severe  pain  was  felt  in  the  left  ear. 


72 

125 

After  cold  irrigatioti  of  left  ear. 

72 

125 

1  min.  after. 

76 

115 

2 

80 

120 

3 

76 

110 

4 

72 

115 

5 

During  the  irrigation  the  subiect  experienced  no  dis- 
comfort or  pain.  After  the  irrigation  no  disturbance 
was  felt  80  long  as  the  subject  kept  his  head  atilL 
On  raising  the  head,  or  on  looking  up,  the  subject 
became  dizzy  and  external  objects  seemed  to  move 
toward  his  right.  On  rocking  the  head  from  aide  to 
side  the  subject  became  sick  and  dizzy  and  experi- 
enced, when  the  head  went  toward  the  left,  a  strange 
sensation  of  dead  weight  on  the  left  side,  so  that  a 
distinct  effort  had  to  be  made  to  drag  the  head  back 
to  the  i>erpendicular.  After  the  irrigation  the  subject 
felt  weak  and  broke  into  a  general  sweat.  He  had 
the  "lump-sensation"  in  the  stomach  and  felt  very 
depressed  and  wretched.  The  respirations  were  shal- 
low and  of  normal  or  alig;htly  increased  rate.  The 
subject  evinced  a  marked  inclination  to  lie  down. 

8:10  A  tropin  crystals,  gr  1/60,  hypo. 

8:38     68      115      Normal 


64 
8:40     64 


115 
120 


After  prolonged  cold  irrigation  of  left  ear. 

68      125      1  min.  after. 
68      120      2 
68      120      3 

67  120      4 

68  115      & 

During  this  irrigation  the  subject  felt  a  pain  extending 
from  the  left  external  auditory  canal  toward  the 
larynx,  and  on  the  next  day  he  developed  a  mild  in- 
flammation in  the  left  tonsil.  After  this  irrigation 
the  dizziness  was  comparatively  slight.  There  was 
no  nausea,  faintness,  or  sweating.  There  was  no 
sense  of  dead  weight  in  the  left  side  of  the  head  when 
the  subject  rocked  his  head  from  side  to  side.  Vision 
was  slightly  disturbed,  but  the  stomach  felt  well  and 
the  irrigation  seemed  to  restore  the  subject's 
atrengtht 


■ 

22a— On  «  S,"  Iffaxch  7,  1009                         ^H 

^H                 Time, 

Pnlie-  Blood- 

Remarks.                                          ^^M 

68 

115 

After  bilateral  irrig.  at  IW  F.  for  3  rnin.^^ 

72 

115 

During  irrigation  of  left  ear  at  115*^  P.               J 

68 

105 

After                                                                 ^J 

68 

110 

During  bilateral  irrigation  at  lOO'^  F.            ^^1 

68 

106 

During  irrigation  of  left  ear  at  100**  P.         ^H 

71 

110 

NormaL                                                             ^H 

72 

105 

^M 

72 

106 

H 

68 

110 

Aft^r  ophthalmoscopic  examination.             ^^H 

60 

110 

During  bilateral  irrigation  at  70"  F.              ^^| 

60 

105 

'^^^^H 

72 

105 

After                                                                   ^fl 

64 

115 

During  irrigation  of  the  left  ear  at  70**  F.           | 

m 

110 

After                                                                 ^J 

22b-0ii  ^'S,"  Maxch  28,  1909                          ^| 

68 

After  irrigation  of  left  ear  at  GF  F.             ^H 

H 

:42 

Atropin  crystals,  gr  1/45,  hypo.                      ^^1 

H 

:48 

60 

110 

^^^1 

H 

:49 

52 

105 

^M 

^l 

:50 

56 

105 

H 

^H 

:59 

64 

100 

H 

:00 

60 

110 

H 

H 

;06 

72 

125 

H 

:12 

80 

120 

H 

H 

:13 

80 

125 

^ 

^1 

:14 

76 

120 

H 

:16 

84 

130 

During  irrig.  of  left  ear  at  61^  F,  for  2  min. J 

84 

100 

^^^M 

84 

105 

•t             ^^^H 

84 

110 

^^^^1 

80 

115 

^^^H 

H 

80 

120 

NormaL                                                               ^^B 

H            11:33 

,, 

136 

During  irrig.  of  left  ear  at  61**  F.  for 2  miiu      1 

,. 

140 

M 

« • 

80 

a 

, , 

125 

H 

76 

115 

2  min,  after  irrig.  of  left  ear  at  61°  F.  for  2       1 
min.                                                                          1 

•* 

106 

3  min.  after  irrigation  of  left  ear,                       J 

220— On  "S,"  April  2,  1909                       ^^^ 

^1            10 :  42 

Atropin  crystals,  gr  l/45>  hypOw                ^^^H 

H             9:30 

60 

115 

Normal.                                                       ^^^^H 

H            10:41 

68 

125 

Hasty  news  of  wife's  illness.                    ^^^^H 

Tim^  Pttlse-  Blood- 

a.in.      rate. 

press. 

10:43     72 

165 

120 

66 

115 

68 

125 

68 

125 

68 

120 

60 

126 

64 

110 

64 

110 

60 

115 

60 

115 

64 

130 

64 

135 

64 

125 

64 

116 

64 

135 

60 

115 

64 

125 

60 

110 

60 

120 

60 

120 

60 

110 

60 

110 

68 

120 

135 

68 

2 

100 

68 

100 

68 

105 

68 

110 

68 

110 
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Remarks. 

During  irrigration  of  left  ear  at  60®  P. 

After 

Before  bilateral  irrisration  at  55"  P. 

30  sec.  after      " 

60 

After  bilateral  irrigation  at  115**  P. 

After  irrigation  of  left  ear  at  115"  P. 


23a— On  ^'S,"  April  9,  1909 

Normal,  sitting. 
<< 

Lying  supine. 
«« 

During  irrigation  of  left  ear  at  66"  P. 
(«  «« 

After      " 


^      .      During  bilateral  irrigation  at  65°  P. 

60      115      Before  irrigation  of  left  ear  at  110°  P. 
'^      ^"^^      During       " 

Before  bilateral  irrigation  at  110°  P. 

During 

During  irrigation  of  left  ear  at  115°  P. 

Before  irrigation  of  left  ear  at  65°  P. 

During 

**    Before  vomiting. 
*'    After  vomiting. 


23b— On  "S,"  April  16,  1909 
Normal  before  irrigation. 


During  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 
72      110      During  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 
68      110      During  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 
72      110      During  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 
72      110     During  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 
72      116      During  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 
68      110      After  irrig.  of  left  ear  at  101°  P.  under 

pressure  of  a  few  inches. 


w^ 

■ 

0 

HMi 

J 
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■ 

^H                  Time. 

Pulse.  Blood- 
rate.    pn§M. 

Remftrki, 

1 

I 

72 

100 

After  irrig.  of  left  ear   at  101<>  F. 
pressure  of  a  few  inches. 

under 

■ 

68 

100 

After  irrig.  of  left  ear  at   101°  F. 
pressure  of  a  few  inches. 

under 

76 

100 

Normal  before  irrigration. 

^^V 

72 

100 

*t           tt               tt 

^H 

72 

100 

« J           **               t* 

■ 

68 

120 

During  irrig,  of  left  ear  at  lOP  F. 
pressure  of  4i  feet. 

under 

68 

130 

During  irrig,  of  left  ear  at  101°  F, 
pressure  of  4|  feet. 

under 

' 

72 

130 

During  irrig.  of  left  ear  at  lOl"*  F. 
pressure  of  4f  feet. 

under 

64 

105 

After  irrig.  of  left  ear  at   101°  F. 
pressure  of  4|  feet. 

under 

64 

100 

After  irrig.  of  left  ear  at  lOr  F. 
pressure  of  4f  feet. 

under 

60 

100 

After  irrig,  of  left  ear  at  lOl**  F. 
pressure  of  4i  feet. 

under 

60 

100 

After  irrig.   of  left  ear  at  lOF  F. 
pressure  of  4|  feet. 

under 

64 

100 

After  irrig.  of  left  ear  at  101^  F. 
pressure  of  4}  feet. 

under 

SSc-On  «S,"  April  23,  1909 

■ 

10:02 

64 
64 

64 

105 
106 
105 

Normal, 

1 

10:04 

Adrenalin    chloride    minims    ii    intraven-     1 

oualy. 

J 

10:041 

56 

130 

Injection  faulty.    Much  of  drug  lofit. 

1 

10:05 

66 

105 

1 

10:06 

60 

106 

1 

10:09 

60 

105 

Normal. 

1 

10:10 

Adrenalin    chloride    minima    iii    intrayen-      1 

ously. 

1 

170 
170 
160 

After  adrenalin. 

J 

10:18 

64 

100 

if 

■ 

24— On  "  S,"  June  30,  1909 

■ 

8:42 

68 

100 

Normal,  lying  supine. 

■ 

64 

105 

«»                                           4  » 

64 

105 

4t                                       «f 

^^^1 

64 

105 

<(                      a« 

^^H 

64 

105 

««                      ■• 

J 

Time,   Pulse-  Blood- 
a.m.      rate,    press. 
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Remarks. 


68  100     Normal,  lying  supine. 

68  100 
4 :  00  Pilocarpin  hydrochloride  firr  1/6,  hypo. 

4 :  02     76  95      Saliva  profuse.    Fulness  in  head. 

4 :  03     76  100     Radial  artery  large. 

76  100 

80  105 

80  105 

80  100 

4:07     80  110     Radial  artery  smaller.    Forehead  moist 

84  110      Pains  in  glans  penis,  as  if  he  wants  to  urinate. 

80  110 

80  115 

80  105 

84  105 

84  110 

4 :  15     80  110      Forehead  covered  with  sweat. 

80  120 

4 :  19     76  125     Cooled  sweat  ran  into  ear  canal. 

76  120 

84  115 

84  120 

84  120 

4 :  24     76  115      Sweat  and  saliva  profuse. 
4 :  25  Irrigation  of  left  ear  at  68®  F.    The  irriga- 

tion   caused    nystagmus   and   the  usual 
symptoms. 

4 :  25     76  125      During  irrigation  of  left  ear  at  68®  F. 

76  125 

76  120  *'  " 

4:29     76  120     After  irrigation  of  left  ear  at  68®  F. 

80  115 

76  115 

72  115     Feels  sick.    On  the  verge  of  vomiting. 

72  100 

76  105 

72  105 

4:39     76  105      Pain  has  left  penis. 

76  105 

72  105 

72  105 

68  105 

4:45     72  110     During  irrig.  of  left  ear  at  115®  F.    The 
usual  phenomena  appeared, 

76  115      During  irrig.   of  left  ear  at  115®  F.    The 
usual  phenomena  appeared. 

72  115      During  irrig,   of  left  ear  at  115®  F.    The 
usual  phenomena  appeared. 

68  105      After  irrig,  of  left  ear  at  115*  F.    The  usual 
phenomena  appeared. 


64  115 

68  110 

64  105 

64  95 

60  100 

64  105 

68  110 


5:15  68 
64 
64 
64 
60 

5:23  60 
64 


105 
105 
110 
105 
110 
105 
105 


During  irrig.  of  left  ear  at  115**  F.    Usual 
phenomena. 


After  irrfg.  of  left  ear  at  US'"  F.     Usual 

phenomena. 
After  irrig.  of  left  ear  at  115"*  F.     Usual 

pbenomeha. 
After  irrig.  of  left  ear  at  llS*"  F.    Usual 

phenomena. 
After  irrig.  of  left  ear  at  115°  F.    Usual 

phenomena. 
After  irrig.  of  left  ear  at  115°  F.     Usual 

phenomena. 
Resting. 


Pain  referred  to  left  of  epigastrium. 


« 


Pilocarpin  did  not  prevent  the  occurrence  of  the  usual 
phenomena  that  attend  aural  irrigations,  viz.  :  ver- 
tigo»  nystagmus,  nausea,  etc.  After  the  administra- 
tion of  the  drug  the  pulse-rate  and  blood-pressure 
showed  a  tendency  to  rise,  followed  by  a  gradual  sub- 
sidence  to  the  normal.  The  irrigations  affected  the 
pulae-rate  and  blood-pressure  much  as  they  do  where 
no  drug  has  been  previously  administered,  i.e,,  the 
blood -pressure  was  raised  at  first  and  later  on  low- 
ered, the  pulse -rate  at  first  being  lowered  aomewhat 
and  later  slightly  raised. 


60      120 
72      120 

72      115 


S5-On  «F,^  Sept  33,  1000 

Normal, 
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FulKe-  Blcod- 
rate,     presa. 

68   120 

68   120 
68   115 


68  115 
64  115 
64   115 


84 

115 

84 

115 

88 

115 

88 

110 

76 

115 

76 

115 

84 

120 

88 

115 

Remarks. 

During  trrig.  of  left  ear  at   68"  F.  without 

hypnosis. 
During-  irrig.  of  left  ear  at  68°  F.  without 

hypnosis. 
Resting  under  waking"  hypnosis. 
An  irrigation  in  the  left  ear  at  69°  F,,  under 

hypnosis  and  with  the  suggestion  that  the 

water  was  tepid,  caused  no  distress  and 

did  not  alter  the  hlood-presaure. 
During:  irrig:.  at  69°  F.  with  augg'estion  that 

it  waa  tepid  water. 
During  irrig.  at  69''  F.,  with  suggestion  that 

it  was  tepid  water. 
During  irrig.  a  69°  F.,  with  suggestion  that 

it  was  tepid  water. 
Normal. 


Resting  under  hypnosis. 


Under  hypnosis  an  irrigation  at  115°  F.  was 
given  in  the  left  ear,  with  the  suggestion 
that  it  was  tepid  water. 

During   irrig.    at   115°  F.,  with  suggestion 

water  was  tepid. 
During   irrig.    at  115*  F.  with    suggestion 

water  was  tepid. 
During   irrig.    at   115°  F.,  with   suggestion 

water  was  tepid. 
During   irrig.   at  115°  F.,  with  suggestion 

water  was  tepid. 

An  irrigation  w^as  given  in  the  left  ear  at  120^*  F.  under 
hypnosis,  with  the  suggestion  that  the  water  was 
tepid.  The  irrigation  caused  a  rise  in  blood -pressure 
and  pulse-rate,  but  the  subject  manifested  no  signs 
of  nausea  or  sickness  until  it  was  suggested  to  him 
that  the  irrigation  was  making  him  sick,  when  he 
began  to  make  forced  attempts  at  vomiting,  but  no 
actual  vomiting  occurred. 

84      110      During  irrig.  at  120°  F.,  with  suggestion 

that  the  water  was  tepid. 
92      130      During  irrig.  at    120°  F.,    with   suggestion 

that  the  water  was  tepidt 
92      135      During   irrig.  at   120°  F.,  with   suggestion 

that  the  water  was  tepid. 


76  110 

80  100 

80  110 

88  105 
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rate,    preas.  Remark*. 

84      125      During  irrig:.  at  12(P  F.,  with  sugfirestion 

that  the  water  was  tepid. 

An  irrigation  was  g-iven  in  the  left  ear  at  64°  F.  under 
hypnosie,  and  with  the  suggestion  that  the  irrigration 
would  cause  sickneaa  and  vomiting.  Many  attempts 
were  made,  but  no  actual  vomiting  occurred.  In  later 
testa  vomitjnff  was  brought  on  by  irrigations  prac- 
tised with  the  subject  atanding, 

76      115      During  irrig.  at  64'^  F.,  with  suggestion  that 

it  would  sicken. 
84      125      During  irrig,  at  46^  F.   with  suggestion  that 

it  would  sicken. 
84      125      During  irrig.  at  64'' F..  with  suggestion  that 

it  would  sicken. 
96      130      During  irrig.  at  64''  F.,  with  suggestion  that 

it  would  sicken. 
88      116      After  irrig.  at  64**  F.,  with  suggestion  that 

it  would  sicken. 
84      115     After  irrig.  at  64*^  F.,  with  suggestion  that 

it  would  sicken. 
84      115      After  irrig.  at  64°  F.»  with  suggestion  that 

it  would  sicken. 
84      115      After  irrig.  at  64°  F.,  with  suggestion  that 

it  would  sicken. 
84      115      After  irrig.  at  64°  F.,  with  suggestion  that 

it  would  sicken. 
92      110      After  irrig.  at  64°  F.,  with  suggestion  that 

it  would  sicken, 
92      105      After  irrig.  at  64°  F,,  with  suggestion  that 


CHAPTER  XVI 

THE  EFFECTS   OF  AURAL    IRRIGATIONS   UPON  THE 
DIGESTIVE   APPARATUS 


Aural  irrigations  affect  the  stomach  hinctione  precisely 
as  do  rotationg.  Depending  on  tlie  degree  of  irritation  of 
the  labyrinthine  receptors,  which  in  turn  depends  upon  the 
variation  from  the  neutral  limits  of  the  temperature  of 
the  fluid  used^  vertigOj  nausea,  increased  salivation,  ab- 
normal sensations  referred  to  the  stomach,  stasis  of  food 
content,  failure  of  absorption,  and  vomiting  are  readily 
caused  in  rapid  succession.  Marked  congeS^ion  also  oc- 
curs, as  evidenced  by  the  vomiting  of  blood  on  a  few  occa- 
sions. It  was  a  notice-able  feature  of  aural  irrigations  and 
rotations  that  vomiting  occurred  with  little  warning  and 
wa8  of  the  projectile  type.  This  made  it  necessary  to  in- 
terrupt the  irrigations  from  time  to  time  so  that  the  test 
meal  should  lie  retained  the  proper  length  of  time.  In 
the  following  test^,  after  irrigating  the  stomach,  the  regu- 
lar Ewald  meal  was  given  and  allowed  to  remain  in  the 
stomach  for  one  hour  during  which  irrigations  were  given 
as  frequently  as  the  subject  could  tolemta  them  withoot 
vomiting.  The  amount  of  chyme  removed  after  cold  irri- 
gations with  the  subject  sitting  upright  averaged,  in  three 
test  meals,  3x1  ii.  With  the  subject  l3nng  down,  the 
amount  of  chyme  removed  was  Jviii  in  one  test  meal.  In 
a  control  test  meal  in  which  no  irrigations  were  given, 
the  amount  of  chyme  removed  after  one  hour  was  %iv. 

In  cold  irrigations,  with  the  subject  sitting  upright,  the 
K  I  absorption  t-est  showed  the  presence  of  iodin  in  the 
saliva  in  82  minutes  u|>on  the  average.  In  bilateral  irriga- 
tions (one  test  meal) ,  with  the  subjr^t  sitting  upright,  there 
was  no  reaction  at  any  time  for  iodin  in  the  saliva  al- 
though the  latter  was  much  increased.  In  cold  irrigations, 
with  the  subject  lying  supine,  the  saliva  failed  to  show  the 
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presence  of  iodin  all  through  tlie  irrigations.  In  these 
irrigations  the  saliva  was  not  increafied.  In  a  control 
test  meal,  the  aaliva  reacted  for  iodin  in  19  minutes. 
The  apparent  difference  between  the  results  of  the  absorp- 
tion tests  in  aural  irrigations  with  the  subject  sitting  erect 
and  in  rotations  may  be  partly  explained  perhaps,  by  the 
fact  that  frequent  intervals  of  rest  had  to  be  allowed  be- 
tween irrigations  whereas  in  rotations  about  the  long  axis 
the  movements  were  constant  though  m  i  Id,  However,  the 
fact  seems  alao  to  emphasize  the  greater  efficiency  of  rota- 
tion in  perverting  gastric  function.  Where  irrigations 
were  prolonged,  as  in  irrigations  in  rocumbency,  or  where 
the  degree  of  irritation  was  intense,  as  in  bilateral  irriga- 
tions, the  teats  failed  to  show  any  evidence  of  absorption. 

The  salol  test  for  stomach  motility  showed  that  at  no 
time,  before  or  after  the  irrigations,  was  there  any  evi- 
dence that  stomach  contents  bad  escaped  into  the  intestine. 
However^  a  control  t<i8t  meal  showed  the  presence  of  salol 
in  the  intestine  in  2  hours  and  B2  minutes.  In  this  test 
however,  the  salol  had  been  given  just  after  the  meal. 
Given  in  this  way  it  is  quite  possible  that  most  of  the 
food  might  reach  the  intestines  before  the  ealol.  Griitz- 
ner  *^  has  shown  by  feeding  rata  at  different  times  with  food 
of  different  colours,  that  the  food  first  ingested  lay  next 
to  the  stomach  walls,  whilst  the  succeeding  portions  were 
arranged  in  regular  concentric  fashion.  In  this  way  most 
of  the  food  first  taken  might  reach  the  intestine,  whilst 
part  of  it  miglit  find  its  way  to  the  fundus  and  ri3ach  the 
intestine  with,  or  perhiips  after,  food  ingested  at  a  later 
time. 

From  this  it  is  evident  that  for  purposes  of  testing  gas- 
tric motility  salol  sliould  bo  administered  at  the  com- 
mencement, and  not  at  the  end,  of  the  tt^st  meal.  In  the 
tests  for  stasis  of  gastric  food  content,  failure  of  intes- 
tinal absorption  might  also  he  a  possible  source  of  error. 
In  the  experiments  where  the  salol  test  showed  no  reaction 
for  the  presence  of  salicyluric  acid  in  the  urine,  definite 
direct  pnxjf  of  excluding  the  failure  of  intestinal  absorp- 
tion is  wanting.  It  was  deduced,  however,  from  geneml 
considerations,  and  especially  from  the  fact  that  whenever 
there  was  evidence  of  propulsion  of  food  into  the  intes- 
tine there  was  alao  evidence  of  active  absorption^  whereas 
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on  frequent  occasions  absorption  was  fairly  active  and  yet 
everything  pointed  to  complete  etasis  of  the  gastric  food 
content. 

In  cold  unilateral  irrigations,  with  the  subject  sitting 
upright,  the  average  in  two  test  meals  showed:  total 
acidity  .18%  by  weight;  free  HCl  .11%,  and  combined 
HCl  .05%.  In  one  test  meal  the  figures  were:  total 
acidity.  18,  free  11  CI  absent^  combined  HCl  .09.  This 
was  theocaision  on  which  theeuhject  vomit^ed  gross  blood, 
evidence  of  which  was  also  found  in  the  chyme  taken 
through  the  tube. 

In  cold  bilateral  irrigations,  with  the  subject  sitting 
upright,  the  total  acidity  was  .14,  the  free  HCl  .09,  and 
the  combined  PICl  .05  (one  test  meal).  In  this  instance 
the  K  I  test  failed  to  ahow  iodin  in  the  saliva  which  was 
abundant. 

In  cold  irrigations,  with  the  subject  lying  supine,  the 
total  acidity  was  .14,  the  free  HCl  .09,  and  the  combined 
HCl  .08.  The  saliva  was  not  increased  and  did  not  re- 
act for  iodin. 

In  a  control  test  meal  the  figures  were :  total  acidity, 
.26,  free  HCl  .16,  combined  HCl  .08. 

In  three  meiils  consisting  of  bread,  butter  and  tea, 
with  milk  and  sugar,  and  allowed  to  remain  in  the  stomach 
upon  an  average  of  one  hour  and  28  minutes  the  average 
amount  of  chyme  removed  was  ^iii.  The  average  of  the 
analyses  showed:  total  acidity  .26,  free  HCl  .19,  com- 
bined HCl  .05. 

In  one  meal,  consisting  of  beefsteak,  potatoes,  bread, 
butter,  cocoa  with  milk  and  sugiir,  and  allowed  to  remain 
in  the  stttmach  8 J  hours j  the  amount  of  chyme  removed 
was  3iiifi8.  The  figures  were:  totiil  acidity  .52,  free 
HCl  .28,  combined  HCl  .16, 

From  the  f(jrogoing  it  is  manifest  that  the  pylorus  is 
tightly  closed  in  aural  irrigations,  except  perhaps  where 
they  were  practised  with  the  subject  in  the  supine  posture 
when  the  salol  test  was  not  tried.  General  experience 
however,  seems  to  show  that  even  in  such  irrigations  when 
they  are  prolonged,  or  of  such  a  temperature  as  to  beget  a 
high  degree  of  thermic  irritation,  the  pylorus  permits 
nothing  to  escape  into  the  intestine.  Since  the  foregoing 
was  written  this  matter  has  been  fuUjr  tried  out.     It  waa 
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found  that  nothing  eBcap<>d  into  the  Intestine  when  the 
irrigations  were  kept  up  fairly  constantly  and  that  absorp- 
tion was  retarded  and  the  saliva  diminiBhed  or  not 
increased. 

It  is  also  manifest  that  in  all  aural  irrigations  the 
stomach  acidity  is  relatively  diminighed.  Where  the 
amount  of  chyme  and  the  saliva  were  increased,  and  the 
salol  test  negative,  it  is  a  question  whether  the  diminished 
acidity  was  not  due  in  part  to  increased  Balivary  content. 
In  a  epecial  test,  the  suhject  was  instmctednot  to  swallow 
any  aaliva  during  the  irrigations.  The  result  nevertheless 
was  the  same  as  regards  lowered  acidity,  although  there' 
was  a  diminution  in  the  amount  of  chynie. 

With  irrigations  in  the  supine  posture,  the  acidity  waa 
absolutely  diminished.  This  jKjint^?  to  a  dimiuishetl  pro- 
duction of  acid,  since  in  this  instance,  as  in  rotations 
with  the  subject  lying  supine,  the  saliva  was  not  increased. 
At  all  events  whatever  the  cause,  for  all  practical  purposes 
of  digestion  the  acidity  waa  reduced. 

In  irrigations  with  the  subject  sitting  upright,  absorp- 
tion from  the  stomach  was  slightly  delayed,  whilst  in  bi- 
lateral irrigations  with  the  subject  sitting  upright  the 
saliva  J  though  increased,  did  not  at  all  react  for  rodin. 
This  shows  that  increased  stimulation  completely  inhibits 
absorption  and  perhaps  stimulates  the  pylorus  to  a  more 
tonic  state  of  contraction. 

The  diminished  salivation  obser\^ed  in  irrigations  in 
the  supine  posture  is  explained  tjy  the  diminished  activity 
of  the  otolithic  apparatus  in  decubitus  whereby  fewer  tonus 
impulses  are  sent  from  the  labyrinth  to  the  nausea  and 
vomiting  mechanisms  and  the  closely  related  centre  for 
salivary  secretion  in  the  medulla.  The  negative  reaction 
of  the  K  I  absorption  test  may  perhaps  he  attributed  to 
the  failure  of  salivary  secretion,  but  this  does  not  at  all 
seem  probable.  In  a  later  test,  absorption  was  distinctly 
retarded. 

The  conclusions  are: 

L  That  aural  irrigtitions  affect  the  digestive  apparatus 
as  do  rotations  and  act  upon  the  self-same  mechanisms. 

2.  That,  as  in  notations,  dorsal  decubitus  tends  to  pre- 
vent nausea,  increased  salivation  and  vomiting  with  the 
attendant  psychic  distress,  but  does  not  prevent  the  immo-. 
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diate  effects  of  labyrinthine  irritation  or  depression  upon 
the  medullary  and  cerebellar  centres  whereby  vertigo^  nya- 
tagmusj  closure  of  the  pylonia,  inhibition  of  normal  gas- 
tric  secretion,  etc. ,  are  produced. 


The  Effeets  of  Aural  IrrigaMons   Upon  Equilibration 

With  the  subject  sitting  upright  a  cold  irrigation  in 
the  left  ear  at  TCP  F.  if  continued  for  a  time  varying  from 
2  to  4  minutes  J  will  cause  lateral  inclination  of  the  head 
toward  the  left  shoulder  and  horizontal  nystagmus  directed 
toward  the  right  with  a  subsidiary  rotary  element  against 
the  watch.  If  the  subject  keep  the  eyes  closed  during 
the  irrigation,  he  will  experience  a  sense  of  rotation 
about  the  long  axis  of  his  body  from  left  to  right. 
When  the  nystagmus  is  fully  develojjed,  external  objects 
appear  tcj  move  steadily  from  left  to  right  with  a  slight 
tendency  downward.  After  the  irrigation,  if  the  subject 
attempt  to  walk  he  will  deviate  toward  the  left,  though  after 
a  time  it  is  common  to  have  a  period  when  he  may  devi- 
ate toward  the  right.  This  is  a  reactionary  stage  corre- 
sponding to  the  after-nystagmus  that  occurs  in  rotations. 
With  the  inclination  of  the  head  toward  the  left,  is  experi- 
enced a  sense  of  lightness  or  emptiness  in  the  right  side 
of  the  head  and  scalp,  and  a  corresponding  sense  of  dead 
weight  and  heaviness  in  the  left  side.  After  the  irriga- 
tion, as  the  vertigo  and  nystagmus  subside  they  can  be 
revived  by  tilting  the  head  from  side  to  side,  or  by  turn- 
ing the  eyes  strongly  upward  or  to  the  side  to  which  the 
nystagmus  was  directed. 

The  effects  of  cold  irrigations  of  the  left  ear  can  be 
readily  recognized  as  similar  in  every  respect  to  the  |>ri- 
mary  effects  of  rotation  about  the  long  axis  of  the  body 
from  left  to  right. 

In  an  irrigation  at  115*^  or  120°  F.  given  in  the  lefte^r, 
similar  phenomena  will  be  observed,  only  in  this  instance 
the  lateml  inclination  of  the  head  will  be  toward  the  right 
and  the  horizontal  nysbigmus  directed  toward  the  left 
with  a  rotary  element  witli  the  watch,  whilst  external  ob- 
jects wiU  appear  to  move  from  right  to  left  and  with  a 
slight  tendency  downward. 

The  effecte  of  hot  irrigations  of  the  left  ear  are  thus 
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seen  to  be  identical  with  the  primary  effects  of  rotations 
about  the  long  axis  from  right  to  left. 

If  a  bilat(3ml  irrigation  at  71°  F,  be  given  for  from  2 
to  4  minutes  to  a  normal  person  sitting  erect,  and  if  care 
V>e  taken  to  see  that  the  temperature  of  the  water  used  is 
the  same  tm  both  sicleSj  and  that  the  fluid  enters  the  audi- 
tory canal  under  eqmil  pressure  on  either  side,  there  will 
he  no  horizontal  nystagmus  or  marked  deviation  of  the 
head  or  eyes  to  one  side  more  than  the  other,  though  the 
bead  on  tilting  may  feel  rather  heavy  on  either  eide. 
There  will,  however,  he  a  steady  pull  of  the  lioad  forward 
on  the  clieet,  and  external  objecti^  will  ap]>ear  to  move  up 
and  doTVTi  or  away  from  the  subject  in  the  mesial  plane. 
With  tlieHo  will  be  found  a  mild  degree  of  vertical  nystag- 
mus of  short  range  and  dire-cted  toward  the  top  of  the 
head.  During  a  V>ilateral  irrigation  at  71°  F.  with  the  sub- 
ject in  the  supine  posture  and  with  the  eyes  open,  the 
subject  felt  as  if  the  couch  were  falling  away  from  his 
body,  i.e.,  as  if  he  were  rotating  in  the  mesial  plane  ** oc- 
ciput first.''  If  the  eyes  be  closed  when  the  nystagmus 
is  in  full  activity,  the  subject  will  feel  his  body  moving 
up  and  down  in  the  mesial  phme  "see-saw  fashion." 
During  the  nystagmus,  turning  the  opened  eyes  strongly  to 
one  side  or  the  other  may  develop  a  horizontal  nystagmus 
with  a  rotary  element.  Turning  the  eyes  up  toward  the 
Vf^rtex  also  seems  to  aggi^avate  the  vertical  nystagmus 
toward  the  top  of  the  head.  The  study  of  nystagmus  in 
the  irrigations  under  consideration  is  a  matter  of  some 
dithculty  and  it  is  <3nly  after  repeafjed  trials  in  %^ariou8 
jwiHtures  tliat  one  can  convince  himself  of  the  tnie  direc- 
tion of  the  ocular  Tuoveraents. 

The  general  effects  of  cold  bilateral  irrigations  resemble 
tin?  primary  effects  of  rotations  in  the  mesial  plane  '*  occi- 
put first' '  or  the  secondary  effects  of  rotations  in  the  mesial 
jdnno  '^face  first."  It  wilt  be  remembered  that  in  rota- 
tions in  the  mesinl  plane  '*face  first"  the  after  nystagmus 
was  of  short  range  and  duration,  and  its  direction  diffi- 
cult to  a8ci.^rtain. 

Bilateral  irrigations  at  115  to  12CP  F,  caxise  vertical 
nystagtuus  diriH-tinl  toward  the  feet.  Objects  seem  to  be 
moving  from  the  Imad  toward  the  feet  in  the  mesiiil  plane* 
The  e&ectfl  of  these  irrigations  resemble  the  primary  electa 
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of  rotations  in  the  meBial  plane  '4aoe  first"  or  the  second- 
ary effects  of  rotations  in  the  mesial  plane  ' 'occiput  first. " 

With  the  Bulgi^ct  on  the  back  and  the  head  lowon^d  eo 
as  to  mako  an  angle  of  85°  between  the  long  axis  of  the 
body  and  the  horizon,  irrigations  of  the  left  ear  gave  the 
usual  phenomena  that  accompany  similar  irrigationa  in 
the  supine  posture  with  the  body  in  the  horizontal  plane. 

Irrigations  of  the  left  ear  at  71°  P-  with  the  euhject 
lying  on  the  left  eide  caused  the  usual  horizontal  nystag- 
mus toward  the  right  with  objects  appearing  to  move  in 
the  same  direction.  If  during  the  irrigation  the  closed 
eyes  were  directed,  as  though  looking  at  an  oljject  straight 
in  front  of  the  face,  the  subject  felt  his  body  moving  back 
and  forth  in  the  mesiid  plane^  but  the  head  at  all  times 
seemed  to  b?  lower  than  the  feet.  With  the  closed  eyes 
directed  totlie  left,  the  subject  felt  his  kidy  revolving  in  the 
mesial  plane  face  forward.  With  the  closed  eyes  directed 
to  the  right  he  felt  his  bod}?-  revolving  about  its  long  axis 
from  left  to  right.  These  phenomena  show  tliat  tuming 
the  eyes  strongly  to  one  side  or  the  other  not  only  inhibits 
or  eiihances  the  movements  of  tlie  characteristic  nystag- 
mus, but  in  the  case  of  inhibition  of  the  typical  form 
tends  to  develop  a  latent  vertical  nystagmus.  Thus  turn- 
ing the  eyes  to  the  riglit  evidently  exaggerated  the  hori- 
zontal nyattigmus  to  the  right  which  it  is  well  knowai  it 
always  does,  and  the  subject  felt  his  body  rotating  about 
its  long  axis  from  left  t-o  right.  Voluntarily  fixing  the 
eyes  in  front,  tends  also  to  inhibit  the  horizontal  element 
directed  to  the  right  and  partially  develops  the  latent 
vertical  nystagmus  with  its  associated  sense  of  motion  of 
the  head  and  feet  backward  and  forw^ard  in  the  mesial 
plane.  Turning  the  eyes  strongly  t^i  the  left  completely 
inhibits  the  lat<:iral  horizontal  element  directed  to  the  right, 
whilst  it  allows  the  latent  vertical  element  free  play  w^hich 
in  this  instiince  was  directed  tow^ard  the  feet  evoking  the 
associated  sense  of  motion  of  the  lx>dy  "face  first''  in  the 
mesial  plane.  The  causation  of  these  i^henomena  will  be 
discussed  in  a  later  chapter. 

In  irrigations  of  the  left  ear  at  IIT'^  F  with  the  subject 
lying  on  the  left  side,  objects  seemed  to  move  from  the  feet 
toward  the  head  with  a  slight  deviation  toward  the  right. 
With  eyes  closed  and  directed  straight  ahead,  the  subject 
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evenly  adjusted  balanced  mechanisms  that  mediate  laby- 
rinthine tomis  are  temporarily  deranged  and  nonnal  ini- 
pulseB  evoked  by  aet^  of  equilibration  or  locomotion  in 
one  labyrinth  or  the  other  have  iin  ahnt^rnial  effect,  de- 
pending upon  the  condition  of  the  labyrinthine  receptorfl 
m  which  they  originate,  i.e.,  whether  the  irritability  of 
the  receptors  of  one  side  is  relatively  increased  or  dimin- 
iahed  aa  compared  with  existing  conditions  in  the  recep- 
tors of  (fpi>OHite  labyrinth. 

The  vertical  nystagmufl  and  the  displacement  of  the 
head  forward  and  backward  that  occur  in  bilateral  cold  or 
hot  irrigations  rather  eupp^Ji-t  than  contravene  this  view 
since,  as  shall  be  shown  later,  they  depend  upon  depres- 
sion or  exiiltation  of  the  receptors  of  one  limb  (viz., 
those  of  the  ampullae  of  both  Buperior  semicircular  canals) 
of  the  balanced  mechanism  controlling  movements  in  the 
mesial  plane,  thereby  relatively  enhancing  or  depressing 
the  irritability  of  the  receptors  of  the  opposed  limb,  viz., 
those  of  the  ampullfe  of  both  posterior  semicircular  canals. 

In  other  words,  bilateral  cold  irrigations  tend  to  depress 
the  sensory  terminals,  i.e.,  to  heighten  the  threshold 
value  in  the  receptors  of  the  ampullae  of  the  sui>erior 
canals,  thereby  lowering  relatively  the  threshold  value  in 
the  receptors  of  their  functional  opponents,  viz.,  the  pos- 
terior canals.  Similarly  bilateral  hot  irrigations  tend  to 
lower  the  threshold  value  in  the  receptors  of  the  superior 
canals,  thereby  relatively  raising  that  of  the  receptors  in 
the  posterior  canals. 

Besides  the  disorders  already  mentioned  as  following 
aural  irrigations,  disturbances  of  co-ordination  were  aleo 
obser\'ed  at  times.  For  movemente  not  particularly  in- 
volved in  acts  of  equilibration,  such  as  touching  the  tip  of 
the  finger  to  the  nose,  the  co-ordination  was  perfect,  pro- 
viding the  subject  had  a  good  basis  of  support,  such  as 
Bitting  on  a  chair,  so  that  the  body  as  a  whole  could  be 
easily  steadied  without  any  great  effort  and  thus  supply  a 
reliable  fulcrum  for  the  arm  movementa.  At  times  in 
walking,  the  subjects*  '  *  footing  was  not  sure, '  ■  and  the  co- 
ordination for  gross  hand  movements  was  impaired.  The 
subject  on  walking  after  irrigations,  frequently  complained 
of  a  ''sleepy  feeling"  in  the  legs,  and  a  weakness  about 
the  knees.     Occasionally  in  walking  he  erred  in  calcula- 
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to  the  left  during  the  irrigation,  external  objects  seemed 
to  move  from  the  floor  to  the  ceiling,  i.e.,  in  the  mesial 
plane  from  behind  forward.  On  h">oking  straight  ahead, 
objects  Reemed  to  move  from  left  txj  right  in  a  plane  at 
right  angles  Uy  the  long  axis  of  the  l>odj.  On  lofjking  to 
the  right,  objects  seemed  to  move  from  head  to  foot  with 
a  wheel-like  motion  in  the  coronal  plane,  i.e.,  against 
the  watch. 

When  the  eyea  were  closed  and  allowed  to  assume  any 
position,  the  subject  felt  his  l>ody  rotating  in  the  coronal 
plane  against  the  watch  with  an  added  nligh tup  and  down 
motion  of  the  head  and  feet  in  the  mesial  plane,  and  a 
feeling  that  the  head  waa  lower  than  the  feet.  Ever}^  in- 
spiration seemed  to  influence  this  np  and  do^Ti  motion  of 
the  body,  With  eyes  closed  and  turned  to  the  left,  the 
subject  felt  his  body  rotating  in  the  coronal  plane  with 
the  watch.  He  felt  also  a  slight  sense  of  rotation  al»ut 
the  long  axis  from  right  to  left,  and  his  head  seemed  to 
be  lower  than  hie  feet.  With  eyes  closed  and  directed 
etmight  ahead,  he  felt  hia  body  rotating  in  the  coronal 
plane,  with  or  against  the  watch,  and  moving  up  and  down 
in  the  mesial  plane  in  seesaw  fashion  every  time  he 
breathed.  With  closed  eyes  turned  to  the  right,  he  felt 
his  head  on  a  level  with  his  feet,  and  also  felt  himself  turn- 
ing in  the  coronal  plane  against  the  watch,  with  or  with- 
out a  slight  sense  of  rotation  about  tiie  long  axis  from  left 
to  right.  After  the  irrigation  it  seemed  to  the  subject  as 
if  only  the  right  side  of  hie  lx)dy  was  in  contact  with  the 
couch,  which  is  the  equivalent  of  a  tendency  of  the  body 
to  rotate  from  left  to  right  upon  the  long  axis. 

Here,  again,  is  seen  the  influence  of  turning  tl^  eyes  in 
certain  directions  upon  the  Bubjective  inter|3ret»ation  of 
disturbances  in  equilibrium.  Especially  noteworthy  is 
the  fact  that  turning  the  open  (and  closed)  eyes  to  the 
right  permitted  the  rotary  nystagmus  against  the  watch  to 
overshadow  the  horizontal  element  toward  the  right,  thus 
causing  external  objects  to  appear  to  travel  in  a  circle  in 
the  coronal  plane  when  the  eyes  are  open,  and  giving  the 
subject  a  sense  of  rf>tation  of  his  body  in  the  same  direc- 
tion when  the  eyes  are  closed.  The  phenomena  are  read  ily 
explained  upon  principles  laid  down  in  another  chapter 
based  partly  on  the  arrangement  and  ineertion  of  the  ocu- 
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lar  muscles.  On  opening  the  eyes  during  irrigations  at  70° 
and7i°  F.  in  the  left  ear,  the  following  conditions  were  ob- 
serv^ed:  With  the  eyes  directed  Btniight  ahead,  there  was 
horizontal  nystagmus  with  a  rotary  element  toward  the 
right  and  against  the  watch  respectively;  with  the  eyes 
turned  to  the  left  the  horizontal  nystagnnis  was  at  a  mini- 
mum, and  the  rotary  jerks  seemed  to  be  with  the  wat^ch, 
or  at  leaat  the  jerks  against  the  wat<!h  were  ecjnsiderably 
slowed  down;  with  the  eyes  turned  to  the  right,  there  was 
horizontal  nyatagmua  to  the  right,  with  marked  rotary  nys- 
tagmus against  the  watch.  At  times  the  latter  over- 
shadowed the  former. 

In  irrigations  of  the  left  ear  at  118°  F.  for  5  minutes, 
with  the  subject  lying  supine,  the  following  oliservations 
were  made  r  With  eyes  closed  and  directed  straight  ahead, 
the  subji?ct  felt  his  bixly  revolving  in  the  coronal  plane 
with  or  iigainst  the  wat^fi,  together  with  a  sense  of  si^esaw 
movement  up  and  down  from  side  to  side  al>out  the  long 
axis.  With  eyes  closed  and  turned  strongly  to  the  left, 
the  subject  felt  hi  a  body  rotating  in  the  coronal  plane  with 
the  wat<jh,  together  with  a  sense  of  rotation  about  the  long 
axis  from  right  to  left.  With  eyes  closed  and  turned  to 
the  right,  he  felt  himself  rotating  in  the  coronal  plane 
against  the  watch,  but  without  any  sense  of  motion  about 
the  long  axis. 

Irrigations  were  practised  to  show  that  the  t4?mperature 
of  the  fluid  i.9  the  important  factor  in  causing  nystagmus 
and  disturbances  of  equilibrium  and  nut  the  force  under 
which  the  Ikiid  entered  the  auditory  canal.  Thus  irriga- 
tions at  05^  F.  with  the  irrigating  receptiicle  just  suffi- 
ciently above  the  ear  to  insure  a  How,  gave  the  character- 
istic nystagmus,  inclination  of  the  head,  etc.  An  irriga- 
tion at  66°  F.  was  then  given  with  the  receptacle  at  18 
inches  alwve  tlie  a ud  i tory  canal.  The  results  were  the  same 
as  in  the  preceding^  but  perhaps  a  little  accentuated. 
Irrigations  at  101°  F.  were  given  with  the  receptiicle  just 
al>ove  the  level  of  the  ear  and  at  a  height  of  4|  feet  above  it. 
In  neither  instance  was  there  nystagmus,  displacement  of' 
the  head,  vertigo,  or  disturbance  of  equilibrium.  With 
the  fluid  under  a  pressure  of  4'}  feet,  the  bliKjd-pressure 
was  raised  noticeably,  and  the  vnssels  along  the  handle  of 
the  malleus  immediately  afU^r  the  irrigations  were  much 


PHYBIOLOGY 


24d 


^ 


contracted,  just  as  m  hot  and  cold  irrigations.  From  these 
experiments  it  is  evident  that  the  temperature  of  the  irri- 
gating fluid  is  the  chief  active  factor  in  causing  labjrin- 
fiiine  reactions  in  aural  irrigations,  the  immediate  rise  in 
blood'preseure  when  the  fluid  enters  the  canal  under  press- 
ure l>eing  an  effect  common  to  ]3owerful  sensory  stimuli 
applied  anjTvher©  at  the  periphery.  It  is  also  evident 
that  changes  in  the  circulation  are  merely  concomitants 
and  not  the  cause  of  the  labyrinthine  phenomena. 

Cool  irrigations  were  given  in  the  left  ear,  to  det-erraine 
point  well  below  the  neutral  temperature,  at  which  even 
a  prolonged  irrigation  had  no  effect  in  cjiusing  nystagmus, 
etc.  Then  the  right  ear  was  experimented  with,  to  deter- 
mine a  point  alx)ve  the  neutral  point,  at  which  prolonged 
irrigation  did  not  cause  nyslagmusj  etc.  Thus  safe  limits 
were  established  for  the  left  and  right  ears  at  89°  F.  and 
107°  F.  re8]>ectively.  Irrigation  of  each  ear  separately 
with  water  at  89°  F.  and  at  107°  F.  for  8  minutes  caused 
no  nystagmus  or  disturlmnceof  equilibrium-  A  bilateral 
irrigation  was  now  given  with  water  at  89°  F.  for  the  left, 
and  at  107°  F.  for  the  right  ear,  all  other  conditions  and 
circumstances  being  the  same  as  in  the  preliminary  uni- 
lateral irrigations.  Soon  after  the  commencement  of  the 
irrigation  there  was  mixed  nystagmus  directed  to  the  right 
and  against  the  watch,  with  ext4:Tnal  objects  appe^iring  to 
move  rapidly  to  the  right  and  downward.  The  head  was 
displaced  laterally  to  the  left  and  the  subject  felt  dizzy, 
nauseated  and  exhaustciL  These  irrigations  vvere  repeated 
a  number  of  times  with  similar  results. 

From  these  experiments  it  is  clear  that  the  labyrinthine 
disturbances  depend  for  their  causiition  rather  upon  the 
relative  differtmces  in  temperature  of  the  fluid  used  on 
either  side  than  upon  any  absolute  degme  of  beat  or  cold. 
This  shows  conclusively  that  a  constant  labyrinthine  tonus 
is  in  operation  controlling  the  muscular  raoveraents  of  the 
head  and  eyes,  and  also  perliaps  of  much  more  extensive 
parts  of  the  body.  And  since  bilateral  hot  and  cold  irri- 
gations do  not  cause  horizontal  nystagmus  or  lateral  dis- 
placement of  the  head,  it  is  evident  that  in  aural  irriga- 
tions the  cause  of  the  nystagmus  and  of  the  disorders  of 
equilibrium  is  a  disturbance  of  the  normal  irritability  of 
the  peripheral  nerve  endings    (receptors),  whereby  the 
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evenly  adjusted  balanced  mechaniBins  that  mediate  laby- 
rinthine tcjmis  are  t-emponirily  deranged  and  normal  ini- 
pulaew  evoked  by  actd  of  equilibration  or  locomotion  in 
one  labyrinth  or  the  other  have  an  abnormal  effect,  de- 
pending upon  the  condition  of  the  labyrinthine  ri3ceptor8 
m  which  they  originate^  i.e.,  whether  the  irritability  of 
the  receptors  of  one  side  is  relatively  increased  or  dimin- 
ished as  compared  with  existing  conditions  in  the  recep- 
tors of  opiK3fiite  labyrinth. 

The  vert.ieal  nystagmus  and  the  displacement  of  the 
head  forward  and  backward  that  occur  in  bilateral  cold  or 
hot  irrigations  rather  support  than  contravene  this  view 
since  J  as  shall  be  shown  later,  they  depend  np^n  depres- 
sion or  exaltation  of  the  receptors  of  one  limb  (viz., 
those  of  the  arapullse  of  bc^th  superior  semicircular  canals) 
of  the  balanced  mechanism  controlling  movements  in  the 
mesial  plane,  thereby  relatively  enhancing  or  depressing 
the  irritability  of  the  receptors  of  the  opposed  limb,  viz., 
those  of  the  ampullte  of  both  posterior  semicircular  canals. 

In  other  words,  bilateral  cold  irrigations  tend  to  depress 
the  sensory  terminals,  i.e.,  to  heighten  the  threshold 
value  in  the  receptors  of  the  ampullfe  of  the  superior 
canals,  thereby  lowering  relatively  the  threshold  value  in 
the  recepb^rs  of  their  functional  opponents,  viz, ,  the  pos- 
terior canals.  Similarly  bilateral  hot  irrigations  tend  to 
lower  the  threshold  value  in  the  receptors  of  the  siqaerior 
canals,  thereby  relatively  raising  that  of  the  receptors  in 
the  posterior  canals. 

Besides  the  disorders  already  mentioned  as  following 
aural  irrigations,  disturbances  of  co-ordination  w-ere  also 
observed  at  times.  For  movemente  not  particularly  in- 
volved in  acta  of  equilibration,  such  as  touching  the  tip  of 
the  finger  to  the  nosCj  the  co-ordination  was  perfect,  pro- 
viding the  subject  had  a  good  basis  of  support,  ench  aa 
sitting  on  a  chair,  so  that  the  body  as  a  whole  could  be 
easily  steadied  without  any  great  effort  and  thus  supply  a 
reliable  fulcrum  for  the  arm  movements.  At  times  in 
walking,  the  subjects*  ''footing  was  not  sure, "  and  the  co- 
ordination for  gross  hand  movements  was  impaired.  The 
subject  on  walking  after  irrigations,  frequently  complained 
of  a  **  sleepy  feeling"  in  the  legs,  and  a  weakness  almut 
the  knees.     Occasionally  in  walking  he  erred  in  calcula- 
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ting  the  distance  of  liie  heel  from  the  floor.  How  much 
of  these  symptoms  was  due  to  the  nystagmus  and  general 
weakness  it  would  be  difficult  to  sfciite,  but  it  is  certain 
that  in  general  the  co-ordination  of  the  hands  and  feet, 
even  in  walking,  was  slightly,  if  at  all,  impaired.  The 
position  of  thn  feet  and  hands  in  space  was  well  recognized, 
the  chief  trouble  being  to  keep  the  head  perpendicular  and 
Bo  to  preaerv^e  rectilinear  locomotion,  for  the  deviations  in 
walking  seemed  to  be  due  in  most,  if  not  all  cases,  tx>  the 
deviation  or  displacement  of  the  head  and  upper  part  of 
the  body. 

The  knee-jerks  showed  no  constant  marked  deviatione 
from  the  nonnal.  Occasionally  there  was  slightly  in- 
creased activity  upon  the  side  toward  which  lateral  devi- 
ation of  the  head  occurred.  Sensation  was  unaffected,  ex- 
cept for  the  parajstheaise  already  mentioned,  and  an  extreme 
hyperEBsthesia  that  frequently  developed  in  the  external 
auditory  canal,  noted  especially  in  hot  irrigations.  So 
great  was  this  at  times,  that  the  slightest  touch  of  the  irri- 
gating nozzle  was  excruciatingly  painful.  In  some  sub- 
jects in  whom  the  merabrana  tympani  was  intact,  cold 
irrigations  also,  after  a  few  minutes,  ciiused  such  intense 
pain  referred  to  the  middle  ear,  that  the  irrigations  had 
to  Ixj  suspended. 

The  parfcsthesiff?  of  the  Bcalp  and  side  of  the  neck  and 
body  that  occur  with  irrigations  have  been  already  alluded 
to.  They  are  described  by  the  subject  as  a  feeling  of  numb- 
ness or  emptiness  in  one  side  of  the  head  and  neck,  usually 
upon  the  side  opposite  to  that  toward  which  the  lateral 
deviation  of  the  head  occurs.  This  is  frequently  coupled 
with  a  sense  of  '^drawing"  of  themusclea  (voluntary  com- 
pensation) upon  that  side  and  a  sense  of  dead  weight  or 
heaviness  upon  the  side  toward  which  lateral  deviation  of 
the  head  takes  place. 

Panes thesia3,  referred  to  tlio  homolateral  half  of  the 
headj  also  occur  when  the  external  auditory  canal  is 
plugged,  so  that  free  access  of  air  and  liquids  to  the  tym- 
panic membrane  and  tlie  adjacent  area  of  the  external 
auditory  canal  is  preveut-^id.  This  was  done  in  order  to  de- 
termine whether  cold  irrigations  of  the  external  auditory 
canal  without  coming  in  contact  with  the  drum  membrane, 
and  a  small  portion  of  the  canal  immediately  contiguous  to 
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it,  would  canse  tQrfltagDiiiB  or  distaibanoe  of  eqnUibrimn. 
UiMkr  these  circQinrtADoes  inigatioQe  in  the  left  ear  at  74^ 
F*  for  4  minute*  were  without  elEoct.  Hie  onlj  result  was  a 
pecaliar  emptioeM  or  li^tneas  all  over  the  left  side  of  the 
iMAd  ficcr>inpanied  by  antophoi^.  The  feeling  is  well 
known  t/>  thfjee  who  have  had  inflamniatoiy  emdatioDa  in 
the  tympanum.  It  seems  to  be  due  to  the  relatiTely  in- 
creaaed  Done  conduction  whereb^f  on  aoconnt  of  the  duninr 
iahdd  air  conduction,  impressions,  ordinarily  not  he&rd, 
roacbing  the  j)eripheral  auditory  appamtus  on  that  side 
by  way  of  the  cranial  bones  become  relatively  exaggerated 
bjr  0xc) union  of  the  tympanum  aa  a  means  of  communica- 
tion of  Hound  vibrations  in  the  umial  way. 

Similarly  the  ear  canals  were  plugged  to  study  the 
eff*jct«  upon  equilibrium  when  the  subject  dived  under 
Wftt/ir,  There  was  no  noticeable  disturbance  observed,  but 
when  only  one  ear  canal  was  plugged ^  a  sense  of  emptiness 
or  lightness  upon  that  side  was  experienced.  This  was 
aooompanied  by  autopbony.  This  seems  to  indicate  that 
tba  cochlear  receptors  also  mediate  some  kind  of  tonus, 
and  that  these  receptors  on  either  side  of  the  body  stand 
to  each  '>ther  in  the  relation  of  balanced  mechanisms. 

It  wiiH  noticed  on  several  occasions  that  in  persons  well 
Ijoyond  middle  life  and  in  those  suffering  from  general 
arterif>Bclero«i8  as  well  as  those  suffering  from  *' nerve 
deafneHH/'  irri^tions  are  not  so  potent  in  producing  the 
ch«riu.'t*^riHtic  disturbances  as  similar  irrigations  practised 
on  youngRr  individuals.  In  a  case  of  locomotor  ataxia, 
in  the  iHJ^inning  of  the  ataxic  stage,  the  sensitiveness  of 
thw  labyrinthine  mechanisms  was  distinctly  increased. 

I  n  ft  perHon  subject  to  gastric  crises  of  tabetic  origin, 
hut  in  whom  the  stage  of  ataxia  had  not  yet  set  in,  hot 
nm\  cold  irrigations  had  but  little  effect.  All  forms  of 
flnafnriHH  BiM-mod  to  be  temporarily  improved,  especially  by 
liot  irrigations  gradnd  carefully  to  reach  the  point  of  effi- 
ciency. Litiln  pennanent  good  perhaps  is  to  be  expected 
ill  [►rftff'Hflifjnal  and  eon ilo  deafness.  Here  the  cause  is  due 
priinarily  to  disoase  of  the  cochlear  nerve  as  shown  by 
IlftVu^rmnn  and  Alexander.*^  Nevertheless,  since  circiila- 
l-ctry  changf*s  and  disease  of  the  blood-vessels  are  seldom 
wanting,  and  especially  since  absence  of  collateral  anasto- 
niiisf^s  h  one  ol  the  chief  factors  causing  the  ** elective  vul- 
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nerability''  of  the  coi^hlear  iier\^e,  it  ee^ms  that  anything 
which  otfera  hope  of  even  temporarily  improving  the  cir- 
culation in  the  internal  ear,  without  adding,  as  many 
drugs  undoubtedly  do,  to  the  danger  of  nerve  degeneration, 
should  be  welcomed. 

During  and  after  aural  irrigation  of  a  degree  sufficient 
to  disturb  the  equilibriunij  it  was  observed  that,  to  resisted 
movement^  the  subject  was  much  stronger  on  the  aide  to- 
ward wh  i  ch  the  head  i ncl ined ,  Thus  w i t h  col  d  i  rr i ga tione 
of  the  left  ear,  slight  force  on  the  right  side  of  the  head 
was  sufficient  to  displace  it  toward  the  left,  whilst  it  took 
much  greater  force  applied  on  the  left  side  to  displace  the 
head  toward  the  right.  In  the  latter  instance,  the  subject's 
muscles  acted  gtrongly  and  together,  whilst  in  the  former 
there  seemed  to  be  a  want  of  combined  action  as  manifested 
by  inefficiency  and  jerky  irregular itiea  in  the  muscular 
contractions.  Cold  irrigations  seem  therefore  to  displace 
the  head  laterally  by  an  impairment  of  function  of  the 
muscles  of  the  opposite  side  of  the  body,  which  tend  to 
hold  the  head  in  the  erect  position.  Hot  irrigations  seem, 
on  the  other  hand,  to  act  by  enhancing  the  muscular  fianc- 
tion  upon  the  contralateral  side. 
■      The  conclusions  are : 

f  1.  That  the  phenomena  of  aural  irrigations  are,  in  all 
essential  respects,  amilogous  to  those  caused  by  rotations. 
Thus :  (a)  Irrigation  of  the  left  ear  with  cold  water  is 
equivalent  to  the  primary  effects  of  rotation  about  the  long 
axis  from  left  to  right,  (b)  Irrigation  of  tlie  left  ear  with 
hot  water  is  equivalent  to  the  primary  effects  of  rotation 
about  the  long  axis  from  right  to  left,  (c)  Bilateral  irri- 
gation with  cold  water  is  equivalent  to  the  prim  an' effects 
of  rotation  in  the  mesial  plane  * 'occiput  first'*  (relative 
stimulation  of  the  ampul lary  receptors  of  the  ixisterior 
canals) .  (d)  Bilateral  irrigation  with  hot  wat^er  is  equiva- 
lent to  the  primary  effects  of  rotation  in  the  mesial  plane 
*'face  first'*  (absolute  stimulation  of  the  ampullary  recep- 
tors of  the  superior  canals) . 

2.  That  reactionary  secondary  phenomena  may  occur 
aft^r  aural  irrigations  as  after  rotatiims,  but  that  with  the 
former  their  appearance  is  slower  and  much  less  manifest 
than  with  the  latter. 

3,  That  in  aural  iirigatioiis,  as  in  rotations^  titers  w:^ 
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various  forms  of  subsidiary  or  latent  nystagmiie  preeent, 
simultaneously  with  the  type  or  combination  which  is 
dominant  and  characteristic  for  certain  irrigations,  and 
for  rotations  in  a  certain  plane  and  direction;  that  by 
turning  the  closed  eyes  in  certain  directions,  the  dominant 
combination  may  be  inhibited j  thereby  allowing  one  of 
the  other  forme  of  nystagmus  to  impress  the  subject,  and 
so  beget  the  subjective  sense  of  motion  usually  associated 
with  that  particular  type  of  nysttigmus. 

3.  That  the  temperature  of  the  irrigating  fluid  is  the 
important  factor  in  causing  the  labyrinthine  phenomena 
in  aural  irrigations. 

4.  That  in  the  lateral  deviations  of  the  head,  cold  irri- 
gations  act  by  depress ing  the  function  of  the  muscles  on 
the  opposite  side  of  the  neck  and  head,  whilst  hot  irriga- 
tions act  by  enhancing  the  muscular  efficiency  or  tonus  on 
the  contralateral  side. 

5.  That  each  labyrinth  exerts  reflexly  a  nicely  adjusted 
tonus  on  the  related  muscles  that  control  the  equiliFjrium 
of  the  head  and  upper  part  of  the  body;  that  aural  irriga- 
tions act  by  alteration  of  the  normal  irritability  of  the 
labyrinthine  receptors  on  one  side  or  the  other,  whereby 
the  evenly  adjusted  mechanisms  of  labyrinthine  tonus  on 
either  side  of  the  b<jdy  are  deranged,  and  afferent  im- 
pulses, evoked  by  ordinary  acts  of  ec^uilibration  or  loco- 
motion have  an  abnonnal  value,  enhanced  or  the  opposite  j 
that  as  a  consequence,  abnormal  responses  on  the  jmrt.  of 
the  related  muscles  result,  depending  upon  the  relative 
condition  of  irritability  that  obtains  in  the  labyrinthine 
receptors  as  compared  with  the  condition  of  irritability 
of  the  corresponding  receptors  in  the  opposite  labyrinth, 

6.  That  the  disturbances  of  co-ordination  that  acc<im- 
pany  aural  irrigations  affect  mainly  movements  of  the 
body  calculated  to  steady  the  upper  portion  of  the  l>ody 
upon  a  lower  fixed  portion,  and  that  ccjnsequentJy  there  is 
no  true  inco-ordination  of  the  feet  or  hands. 

7.  That  sensory  stimulation  of  the  ext-f^rnal  auditory 
canal  is  not  the  cause  of  the  characteristic  phenomena  of 
aural  irrigations. 

8.  That  hot  and  cold  irrigations  act  by  increasing  and 
depressing  respectively  the  irritability  of  the  labyrinthine 
receptors;  that  these  effects  are  brought  about  by  direct 
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conduction  through  the  osseous  structure  situated  just 
above  the  attachment  of  the  membrana  timpani  where  lie, 
in  close  proximity  to  the  surface,  the  horizontal  semicircu- 
lar canal  with  its  ampulla  and  the  ampulla  of  the  superior 
semicircular  canal,  the  macula  of  the  utricle  being  in 
close  proximity. 

9.  That  aural  irrigations  are  accompanied  by  parses- 
thesise  of  the  neck  and  scalp  which  are  fairly  characteris- 
tic and  constant  in  their  relations  to  the  labyrinth  affected, 
and  which  indicate  probably  impaired  cerebellar  function. 

10.  That  aural  irrigations  are  a  possible  aid  in  the 
treatment  of  **  nerve"  and  other  forms  of  deafness  where 
little  is  to  be  expected  from  the  ordinary  methods;  and 
ihat  they  may  possibly  help  in  arresting  the  progress  of 
degeneration  by  enhancing  the  local  circulation. 


CHAPTER  XVn 

THE  EFFECTS  OF  AURAL  IRRIGATIONS   UPON  THE 

EYES 


The  effect  of  aural  irrigations  upon  the  pupils  was 
studied.  The  results,  however^  whilst  usually  striking 
were  by  no  means  uniforra.  The  sequence  of  the 
phenomena  in  cold  irrigatione  (62^-75°  F. )  moat  fre- 
quently appeared  to  be  as  follows :  The  firat  effect  imme- 
diately following  impact  of  the  fluid  against  the  interior 
of  the  external  auditory  canal  was  dilatation.  This  was 
soon  followed  by  constriction^  first  upon  the  side  of  irri- 
gation and  later  upon  the  opposite  side.  After  a  period 
of  from  five  to  fifteen  seconds  lioth  pupils  again  became 
dilated.  From  this  point  on,  there  was  usually  a  condi- 
tion of  alternating  dilatation  and  constriction  (hippus), 
the  average  size  of  the  pupils  being  that  of  moderate  con- 
striction. The  hippus  was  studied  under  a  strong  light 
from  the  ophthalmoscope  and  in  moderate  daylight.  In 
cold  irrigatione  there  was  a  tendency  of  the  pupil  upon 
the  side  of  irrigation  to  constriction  as  compared  with  its 
fellowj  though  in  some  instances  it  was  the  larger  of  the 
two.  During  the  irrigations  there  was  congestion  of  the^ 
conjunctiva  of  both  eyes,  but  more  marked  upon  the  side 
of  irrigation. 

Immediately  following  cold  irrigations,  the  pupils  in 
many  instances  became  constricted  on  closing  the  eyes, 
but  one  minute  after  the  irrigation  the  pupils  did  not  con- 
tract but  rather  dilated  somewhat  on  closing  the  eyes. 
The  constriction  of  the  pupils  on  closing  the  eyes  accords 
with  a  general  tendency  to  sleep  during  the  irrigations 
when  the  eyes  were  kept  open  only  with  an  effort. 

In  hot  irrigations  (115°-119°  F.)  the  pupillary  phe- 
nomena were  similar  to  those  in  cold  irrigations,  but  there 
seemed  to  be  a  tendency  to  relative  constriction  in  the 
pupil  on  the  contralateral  side. 
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En  a  bilateral  irrigation  at  79"*  F.  in  the  left,  and '107° 
F,  in  the  right  ear,  the  left  pupil  was  larger  than  the  right. 
Closing  the  Qjm  seemed  at  times  to  revive  the  waning 
sjrmptoms  of  disturbances,  whilst  at  other  times  it  tended 
to  relieve  them. 

The  above  concluaions  were  based  upon  nmneroua 
observ^ations  made  in  the  general  study  of  irrigations. 
Later,  a  series  of  irrigations  was  undertaken  with  a  view 
to  a  more  specialized  attempt  in  the  study  of  the  pupillary 
reactions.  Irrigations  were  practised  with  the  subject 
lying  supine,  and  in  such  a  position,  that  a  moderate  uni- 
form daylight  illuminated  both  eyes.  In  some  of  the  ir- 
rigations, by  carefully  plugging  the  inner  third  of  the 
external  auditory  canal  with  non-abaorbent  cotton,  care  be- 
ing tfiken  to  avoid  contiict  with  the  membrana  tympani, 
an  attempt  w^as  madet*:)  differentiate  the  effects  of  thermic 
stimulation  of  the  sensory  nerves  of  the  canal  from  those 
due  to  labyrinthine  stimulation.  The  pupils  were  ob- 
served, and  rough  drawings  made  from  them  before,  at  the 
onset  of,  during,  and  after  each  irrigation.  The  hippus 
was  also  studied,  and  an  attempt  made  to  measure  the 
duration  and  extent  of  the  alternating  variations.  The 
pulse-rate  and  blood-pressure  were  also  observed  during 
some  of  the  irrigations.  In  some  instances  during  the 
irrigations  the  pupil  reactions  in  accommodation  were  also 
studied. 

As  the  mechaniBms  of  pupillary  dilatation  and  con- 
striction are  somewhat  complex,  and  as  there  is  by  no 
means  a  genera!  uniformity  of  opinion  as  to  their  modus 
operandi,  the  observations  made  in  this  last  series  of  irri- 
gations are  set  forth  somewhat  in  detail. 

Irrigation  at  117^  F.,  with  the  ear  partially  stuffed — 
Pupils  before  irrigation  were  moderately  dilated  the 
left  being  somewhat  larger  than  the  right.  At  onset  of 
irrigation  the  pupils  w^ere;  somewhat  contracted,  with 
the  left  a  little  smaller  than  the  right.  Later  on  the 
pupils  grew  still  smaller  and  remained  small  and  of 
et|iifil  size.  During  tlie  progress  of  the  irrigation  there 
was  hippus  of  very  short  range,  and  occurring  at  intervals 
of  from  1  to  8  seconds.  The  pupils  were  smaller  if 
anything,  and  equal,  and  did  not  dilate  much  in  fixation 
for  distance*     One  minute  after  irrigation  the  pupils  wera 


dilated  almost  to  the  degree  observed  }>ef ore  irrigation  and 
now  they  were  eqnah  The  subject  felt  numb  and  cold  in 
the  left  Bide  of  the  head. 

Irrigtttion  at  1 1 7°  F.  with  no  stuffing  in  the  ear.  Before 
irrigation  the  piii)ils  were  iiioderak'ly  large,  the  left 
being  sliglitly  the  larger.  At  tlie  onset  of  irrigation  the 
pupik  showed  no  change  for  half  a  minute.  During 
the  irrigation  the  pupila  wnre  Romewhat  contrficted 
the  left  being  still  a  little  the  larger.  The  hippue  cycle 
extended  over  a  peri(xl  of  4  seconds.  Four-fiftha  of  the 
time  was  taken  up  with  the  phase  of  contmetion  of  the 
pupil  and  the  resting  stage  before  the  next  dilatation, 
whilst  one-fifth  of  the  time  was  consumed  in  the  actual 
process  of  dihitation.  The  dilatation,  therefore,  was  more 
active  than  the  constriction,  and  its  extent  was  about  one- 
fourth  of  the  width  of  the  iris.  At  this  stage  the  pupils 
were  still  smaller  and  equal.  During  fixation  for 
distance,  the  pupils  dilated  somewhat  and  the  range  of 
the  hippus  was  diminished.  After  irrigation  the  pupils 
began  to  widen,  and  the  hippus  ceased.  Three  minutes 
after  irrigation  the  pupils  were  equal  and  about  as  large 
as  they  were  before  irrigation. 

Irrigation  at  Ib^  F.  without  stuffing  in  the  ear.  Before 
irrigation  the  pupils  were  moderately  large  and  equal. 
At  onset  of  irrigation  tlie  pupils  sbowed  no  change. 
During  irrigation  the  pupils  were  slightly  constricted, 
the  left  more  so  than  the  right.  Intermittent  nystagmic 
movements;  no  hippus  present.  Pupils  contracted  in  ac- 
commodation for  near  vision;  the  subject  was  drowsy; 
the  eyelids  were  constantly  closing. 

Irrigation  at  65*^  F.  with  ear  plugged.  Before  irriga- 
tion the  pupils  were  moderately  large,  the  left  being  the 
hirger.  At  this  time  there  was  hippus  of  wide  range.  In 
the  stage  of  constriction,  the  pupils  still  further  contracted 
in  fixation  fr>r  near  vision  (accommodation)  and  dilated 
in  fixation  for  distimce,  but  only  to  an  extent  C(jrre8]X)nd- 
ing  with  that  to  which  they  had  previously  contract-ed 
for  near  vision.  In  other  words,  in  fixation  for  distance, 
the  pupil  could  not  relax  the  constrict-or  effect  to  any  ex- 
tent, whilst  in  fixation  for  near  vision,  the  pupil  could 
contract  still  further.  Fixation  for  distiince  seems  to 
make  the  Bubj(3ct  drowsy.  The  pulse-rate  was  72  and  the 
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blood-pressure  105.  At  the  onset  of  the  irrigation,  the 
pupiig  showed  no  appreciable  change  in  size,  though  the 
blood -pressure  rose  to  115  with  a  pulse-rate  of  TG.  During 
the  irrigation  the  pupils  showed  little,  if  any,  change  in 
size.     Hippua  of  short  range  was  present. 

Irrigation  at  65°  F.  without  plugging  the  ear.  Before 
irrigation,  the  pupils  were  moderately  large,  the  left 
being  slightly  the  larger.  There  was  some  hippua  present. 
The  blood- pressure  was  11 5  and  the  pulse- rate  80.  At  the 
onset  of  the  irrigation,  the  pupils  were  constricted 
somewhat,  the  left  more  so  than  the  right.  Hippua  of  short 
range  was  present.  The  blot>d-pressure  waw  125,  and  the 
pulse-rat/e  80,  During  irrigation  the  pupils  became  etill 
more  constricted,  the  left  being  still  the  smaller.  Hip- 
pus  of  short,  range  was  present.  There  was  conjunctival 
congestion  more  marked  in  the  left  eye. 

Irrigation  at  119^  F.  with  the  ear  stuffed.  Before 
irrigation^  the  pupils  were  moderately  large,  the  left 
being  the  larger.  Each  pupil  contracted  to  light,  but  the 
left  showed  at  times  a  tendimcy  not  to  contract.  The 
blood -pressure  was  105  and  the  pulse- rate  76.  At  the  on- 
set of  irrigation  the  pupils  showed  no  change.  Both  con- 
tracted for  near  vision.  During  irrigation  the  pupils 
became  somewhat  constricted^  the  left  being  still  the 
larger.  One  minute  after  irrigation,  the  pupils  were 
about  as  they  were  before  the  irrigation. 

Irrigation  at  1 19°  F.  without  i>lugging  the  ear.  Before 
irrigation,  the  pupils  were  small  and  equal.  Hippue  was 
present  and  was  of  a  twofold  variety.  Excursions  of  long 
range  occurred  every  5  to  10  ae-conds,  the  dilatation  being 
executed  in  thrcH}  or  four  bounds  with  the  constricting 
phase  setting  in  immediately  on  the  completion  of  dilata- 
tion. Between  th(?se  larger  excursions,  i.e.,  in  the  resting 
stage  at  the  end  of  ocnstriction,  excursions  of  short  range 
occurred  each  dilatation  giving  place  to  a  constriction  of 
equal  range.  Noise  made  by  clapping  the  hands  near  the 
ear,  caused  the  pupil  to  dilate  t(j  a  slight  c*xtent.  Just 
before  tlio  onset  of  the  irrigation,  the  pupils  were  miWler- 
ately  small  an<l  equal  At  the  onset  of  the  irrigation,  the 
eyelids  blinked,  and  the  pupils  dilated  somewhat,  !>eing 
equal  size.  A  moment  later^  the  pupils  were  unchanged, 
except  that  the  left  was  larger  than  the  right.     Hippu^ 
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was  present,  but  not  as  frequent  or  active  as  l)efore  irri- 
gation.  During  irrigation,  the  pupils  became  amail  and 
equal,  in  spite  of  the  fact  that  the  subject  had  a  sharp 
pain  in  the  ear  all  through  the  irrigation.  One  minute 
after  irrigation,  the  pupils  were  about  the  same  as  before 
irrigation. 

Irrigation  at  62^^  F.  without  plugging  the  ear.  Before 
irrigation,  the  pupils  were  moderately  large  and  equal, 
but  changed  and  became  small  and  equal  just  before  the 
onset  of  the  irrigation.  At  the  onset  of  the  irrigation, 
the  pupils  were  moderately  constricted  and  equal.  There 
was  little,  if  any,  hippua  before  the  onset  of  nystagmus. 
Closing  the  eyes  caused  dilatation  of  the  pupil;  opening 
them  caused  a  sharp  constriction.  Toward  the  end  of 
the  irrigation,  tJie  pupils  were  moderately  small,  with  the 
left  somewhat  the  larger.  Just  after  irrigation,  the  pupils 
were  unchanged,  but  ehadiug  the  eyes  at  this  time  caused 
a  dilatation  that  was  brisker  tlian  during  the  irrigation, 
and  the  constriction  to  light  seemed  to  be  less  sharp.  The 
subject  felt  no  pain  during  this  irrigation.  Aftothe  irri- 
gation he  felt  heavy  and  yawned  nmch.  Finally  he  fell 
aaleep. 

From  the  foregoing  it  appears  that  the  immediate  effect 
of  both  hot  and  cold  irrigations,  with  and  without  plug- 
ging of  the  ear,  was  either  nil  or  resiilt/c^d  in  constriction 
of  the  pupils.  It  should  be  noted  that,  as  a  rule,  the  con- 
dition of  the  pupils  before  irrigation  was  that  of  dilata- 
tion. Where  the  pupils  were  small,  one  hot  irrigation 
without  plugging  caused  a  slight  dilatation,  but  not  quita 
up  to  the  degree  that  usually  prevailed  before  the  irriga- 
tions. Partial  plugging  of  ihe  ear,  so  as  to  keep  the  irri- 
gating fluid  from  eut-ering  tlie  inner  third  of  the  auditory 
canal,  seemed  to  have  no  particular  effect  upon  the  im- 
mediat/e  results  of  the  irrigations.  Tt  had  some  effect, 
however,  upon  the  results  of  prolonged  irrigation.  Thus 
in  hot  irrigations,  with  the  ear  stuffed,  the  pupils  did  not 
contract  so  much  aa  in  hot  irrigations  without  stuifing; 
and  hippus  was  absent  or  of  slight  range  in  the  former 
case,  whilst  in  the  latt^^r,  it  was  generally  present  and  oc- 
casionally of  wide  range.  In  one  cold  irrigation,  with 
the  ear  plugged,  the  pupils  did  not  contractor  bectmie  un- 
equal, whilst  in  several  cold  irrigationa  without  plugging, 


ihe  pupils  almoBt  invariably  contracted  somewhat  and  be- 
came unequal,  that  on  tho  side  of  irrigation  being  the 
smaller.  In  cold  irrigations  the  hippuB  seemed  tn  be 
about  the  same ;  that  is,  slight  and  of  gliort  range  with  and 
without  plugging  of  the  ear.  The  inequality  of  the  pupils 
seems  therefore  t<>  belong  to  the  phenomena  of  labyrin- 
thine disturbance  J  and  judging  from  the  effect  of  cold  irri- 
gations in  causing  the  pupil  on  tlie  side  of  irrigation  to 
become  constricted  it  seems  j)robable  that  the  inequality 
of  the  pupils,  seen  at  times  in  hot  irrigations,  is  due  to  a 
relative  constriction  of  the  contralatend  pupil.  The 
changes  in  the  blood-pressure  and  pulse-rato  that  occurred 
during  tho  irrigations  did  not  seom  to  besar  any  definite 
relation  to  the  changes  in  the  pupil.  In  one  instance 
hippus  of  long  range  was  present  before  irrigation.  Here, 
however^  it  should  be  noted  that  the  subject  bad  already 
hiid  seven  irrigations.  The  hippus,  therefore,  in  this  in- 
st^mce  may  have  been  the  result  of  previous  irrigations. 
Judging  from  the  time  of  its  ap|jeamnce  and  from  its 
occurrence  with  and  without  plugging  of  the  ear  canal,  it 
seems  that  the  ordinary  alternating  movements  of  the  pupil 
can  hardly  l>e  attributed  to  the  effect  of  the  irrigations 
upon  tho  labyrinthine  receptors.  However,  it  secerns  prob- 
able that  where  the  rang©  of  excursion  was  extensive,  the 
hippus  was  due  to  more  than  stimulation  of  the  receptors 
in  the  auditory  canal  and  nmst  probably  be  classed  among 
the  labyrinthine  effects.  This  form,  which  perhaps  alone 
deserves  the  name  of  hippus,  occurred  only  when  the  ear 
canal  was  not  plugged,  and  generally  some  time  after  the 
onset  of  an  irrigation.  In  the  accommodation  t*>sts  it  ap- 
peared that  no  matter  how  small  the  pupils  were,  they 
oould  be  made  smaller  by  fixation  for  near  vision,  whilst  in 
fixation  for  distance  the  range  of  dilatation  never  seemed 
to  exceed  the  limits  of  tho  primai-y  state  of  the  pupil, 
i.e.,  before  fixation  for  near  vision  was  tried.  During  a 
cold  irrigation  it  was  seen  that  after  shading  the  eyes  the 
pupils  reacted  quickly  on  readmission  of  light,  whilst 
after  the  irrigation  the  constrictor  riijactiomvas  less  active. 
We  may  therefore  conclude  that,  in  general,  hot  and 
cold  irrigations  tend  to  cause  unequal  pupillary  constric- 
tion, hippus,  conjunctival  congestion,  a  tendency  of  the 
eyelids  to  close,  and  a  distinct  inclination  to  sleep. 
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The  tendency  of  the  pupils  to  contract,  even  at  the  onset 
of  cold  or  hot  irrigations,  is  remarkable,  Ijecause  it  is  well 
known  and  aocept^^d  thiit  stimulation  of  any  sensor)' nerve, 
as  well  as  of  numerous  areas  of  the  cerebral  cortex,  ie  at- 
tended with  pupil  dilatation,  whilst  but  few  areas  of  the 
brain  and  cereljellum  are  associated  directly  or  indirectly 
with  pupil  constriction. 

During  these  tests  the  illumination  was  by  daylight  of 
moderate  diilness.  Tlie  subject  was  cautioned  against  fix- 
ing his  vision  for  ne^r  or  distant  objects.  All  the  irriga* 
tions  w^ere  given  in  the  left  ear  with  the  subject  lying  upon 
the  back. 

By  way  of  contrHst  the  pupils  were  similarly  studied  in 
rotations  alx>ut  the  long  axis.  In  general  it  was  found 
that  immediately  on  abrupt  cessation  of  rotation  from  left 
to  right  the  pupils  first  became  moderately  dilated  and  s<x)n 
after  contracted.  Hippus  was  pn^sent  of  large  excursion, 
the  cycle  covering  a  period  of  7  to  8  seconds.  Later  the 
pupils  became  still  smaller  and  the  right  always  being 
the  smaller,  although  at  times  the  left  pupil  also  became 
very  small.  Three  minutes  after  a  rotiition,  the  pupils  be- 
came almost  as  large  as  Jxifore  rotation,  and  there  was  still 
some  hippus  present. 

Upon  cessation  of  a  rotation  from  right  to  left  the 
pupils  dilated  for  a  short  time  and  later  contracted.  At 
this  point  hippus  appeared  with  cycles  of  a  duration  of 
from  8  to  7  seconds.  On  clos I ng  tlie  eyes  the  pupi Is  dilated. 
Six  and  a  half  minutes  after  rotation  the  pupils  were 
somew^hat  constricted,  aa  compared  with  the  normal  before 
rotation. 

At  times,  during  aural  irrigations  and  following  rota- 
tions, great  difficulty  was  experienced  in  observing  the 
fundus  oculi,  owing  manifestly  to  disturliances  in  the 
mechanisms  of  refraction.  These  changes  are  interesting 
because  changes  in  refraction  haye  frequently  been  noted 
in  connection  with  the  study  of  the  physiology  of  the  c-er- 
vical  symimthetie.  Thus  Morat  and  Doyon  *^  found 
diminution  in  size  of  the  anterior  ciystalline  lens  images 
after  section,  and  enlargement  of  the  same  images  after 
stimulation  of  the  cervical  sympathetic.  Hess  and 
Heine,  ^"^  however,  demonstrated  that  stimulation  of  tlie 
eymputhetic  dilates  the  pupil  without  altering  the  condi- 
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tion  of  the  ciliary  muscle,  and  attribut-f'd  the  errors  of  re- 
fraction to  changes  in  the  pf^riphimil  purtions  of  the  cornea 
and  lens  by  dilatation  of  the  pupil.  KohniL^n  and  Dufour  ^^^ 
concluded  that  the  alteration  in  refract  ion  on  dilatation 
of  the  pupil  was  not  necesi^arilj  due  t^>  Victual  change  in 
the  lenB,  and  that  the  sympathetie  caunot  cause  negative 
acconuuodation.  Terrien  and  ConiuB"*  showed  that 
stimulation  of  the  cervic-al  sympathetic,  after  section, 
caused  an  increase  in  refraction  of  the  eye  from  1  to  2.5  D. 
This  chfinge  sets  in  t)efore  dilabition  of  tlie  pupil  and  is 
of  shortt^r  duration  than  the  lattt^r.  These  authors  give 
no  satisfactory  explanation  of  the  phenomenon. 

From  these  result^s  it  is  evident  that  stinuUation  of  the 
cervical  sympathetic  in  some  way  changes  the  refraction  of 
the  eye.  It  is  probable  that  the  changes  in  refraction 
caused  by  irrigations  and  rotations  are  similarly  caused, 
but  they  were  observed  when  the  pupil  was  under  the  in- 
fluence  of  homatropin  just  after  rotations  and  during 
aural  irrigations. 

In  discussing  hippus  it  must  be  remembered  that  ordi- 
narily when  the  int^ensity  ol  light  entering  the  eye  ib 
altered,  the  pupil  contracts  and  oscillatea  rapidly,  alter- 
nately overstepping  the  mark  in  c^>ntraction  and  in  dila- 
tation, until  finally  it  settles  down  in  contraction  which 
is  slightly  less  than  that  first  exhibited.  In  abnormal 
conditions  this  normal  oscilliition  of  the  pupi!  may  be  ex- 
aggerated as  follows:  (1)  Where  the  excursions  are  wide, 
readily  seen,  and  independent  of  increased  inti3nsity  ojf 
light  falling  upon  the  eye.  This  condition  is  known  as 
hippus.  It  is  due  to  rhythmic  activity  of  the  nerve 
centres  and  is  ordinarily  not  a  pteripheral  phenomenon, 
(2)  Where  there  is  lack  of  sustained  contract i*>n  under 
tlie  influence  of  light.  Here  the  pupil  contracts  sluggishly 
when  the  intensity  of  the  light  is  increased  and  whilst  the 
light  is  left  constant  the  pupil  slowly  dilates  and  often 
with  sluggish  oscillations.  This  is  a  pathological  phe- 
nomenon caused  by  diminished  conductivity  in  the  affer- 
ent paths  of  the  light  reflex,  i.e.,  usually  in  the  optic 
nerve,  e.g.,  rotorbulbar  neuritis  (Parsons*^).  With  the 
hippus  occurring  during  aural  irrigations  were  associated 
at  times  the  ordinary  rhythmic  oseilUitions  of  the  pupil. 
In  the  latter  the  contractions  and  dilatations  were  evenly 
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balanced  and  of  about  equal  range  and  duration.  In  the 
larger  excursions,  without  altt^ration  of  tlie  light  condi- 
tioRB,  the  dilatation  was  Budden  and  abruptly  executed, 
whilst  the  contraction  began  immediately  following  the 
Budden  dilatation,  but  was  carried  out  so  slowly  that  it 
was  difficult  to  say  when  it  ended.  After  closely  observ- 
ing this  form  of  hippue  it  is  hard  to  avoid  concluding 
that  in  irrigations,  etc. ,  it  results  from  hypertonus  of  the 
pup illo- constrictor  mechanism  which,  from  time  to  time, 
is  momentarily  overcome  by  the  activity  of  the  pupillo- 
dilator  mechanism.  Anderson  *^^  found  that  hippus  fre- 
•  tjuently  occurred  after  section  of  the  third  nerve,  and  that 
it  was  excited  by  tactual  stimuli  or  by  a  certain  state  of 
anossthefiia.  On  section  of  the  cervical  sympathetic  the 
hippus  ceased.  These  observations,  however,  are  quite 
compatible  with  the  theory  of  reciprocal  innervation  be- 
tween the  dilator  and  constrictor  mechanisms. 

Waymouth  Reed,  '^'  because  of  the  electric  phenomena 
manifested  during  contraction  of  the  sphincter  iridis, 
concludes  that  such  a  relation  exists.  Anderson,  *"-  **' 
however,  opposes  this  view,  because:  (1)  after  section  of 
the  third  nerve  variations  in  illumination  do  not  affect 
the  pupil;  (2) paradoxical  pupil  dilatation  may  arise  and 
last  a  minute  in  bright  sunlight  and  (3)  in  the  inequality 
of  the  pupils  following  paralysis  of  one  dilator  mechanism 
the  inequality  is  not  diminished  but  increased  by  bright 
illumination  of  the  eyes.  Inasmuch  as  the  modus  oper- 
andi of  paradoxical  pupil  dilatation  is  not  suliioiently 
understood,  conclusions  based  on  evidence  derived  from 
the  phenomenon  must  be  regarded  with  suspicion.  Then 
agjiin  the  conditions  obtjiining  in  the  pupil  after  section 
of  the  third  nerve  or  of  the  cervical  ejmipathetic  are  such 
a«  tend  to  mask  reactions  from  alterations  in  illumina- 
tion. On  the  other  hand  Jessop^  never  saw,  in  the  iris, 
dilator  fibres  to  compare  in  thickness  and  strength  with 
those  of  the  sphincter.  It  is  difficult,  therefore,  to  under- 
stfmd  how  such  a  feeble  dilator  mechanism  can,  for  in- 
stance in  stimulation  of  the  sympathetic,  overcome  the 
stronger  constrictor  muscle  without  the  intervention  of 
some  such  process  as  reciprocal  innervation.  And  as  re- 
ciprocal innervation  is  of  such  widespread  occurrence  and 
plays  such  an  important  role  in  bodily  adjustments  it 
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may  be  accepted,  pending  further  ^researches,  that  it  is 
utilized  in  the  mechanism  of  pupiikry  phenomena. 

In  the  hippus  that  occurs  with  aural  irrigations  and 
rotations  the  question  arises:  Is  it  the  result  of  pathic 
Btimuli?  V.  Bechterew  ^^"  asHociiit^s  the  liglit  reflex  with 
the  pathic  or  sensory,  and  showed  that  the  dilatation  in 
the  latter  vrns  due  to  inhibition  of  the  former.  This 
Beems  to  make  the  sensory  dilatation  as  it  wore  part  of  a 
nociceptive  reflex.  Anderson  ^"^  agrees  with  v.  Bech- 
terew^s  view  but  says  that  there  is  at  the  onset  of  the  re- 
flex a  rapid  short  dilatation  due  to  augmented  dilator  tone. 
Inasmuch  as  the  dilatatitm  in  aund  irrigations  usually 
commenced  only  after  the  lapse  of  a  period  suflieient  to 
permit  the  irrigations  to  ail'ect  the  labyrinthine  receptors, 
and  inasnuich  as  the  state  of  the  pupils  in  irrigations 
was,  in  general,  that  of  unequal  contraction  rather  than 
of  dilatation,  it  seems  that  tho  hi|>pus  is  to  be  considered 
as  an asscxriated  labyrinthine  phenomenon  caused  probably 
by  eobjective  sensations  attjeuding  the  disturbances  of 
equilibrium.  The  positive  element  of  the  dilating  phase 
of  the  hippus  seems  due  to  increased  tiaius  in  tho  dilator 
mechaniam.  Such  increase  of  tonus  always  follows  in- 
hibition and  lowers  the  threshold  value  at  the  commence- 
ment of  the  final  common  path  for  the  paths  inJiibited 
(Sherrington  ^) .  Additional  factors  in  augmenting  the 
dilator  tonus  are  re-en foreement  or  bahnung  and  summa- 
tion of  stimuli,  whether  originating  in  tlie  cerebral  cortax 
or  at  the  peripliery.  The  negative  element  in  dilatation 
is  due  to  inhibition  of  constrictor  tonus,  the  threshold  for 
afferent  constrictor  impulses  being  raised  at  the  commence- 
ment of  tlie  final  common  path,  just  as  that  for  afferent 
dilator  impulses  becomes  lowered.  In  this  manner  alter- 
nate changes  in  threshold  values  at  the  commencement  of 
the  final  conunon  patlis  give  rise  to  the  rhythmic  dilata- 
tions and  contractions  of  the  pupil  (alternating  reflexes). 
The  sknvuess  of  the  constricting  phase  is  to  be  accounted 
for  by  fatigue  of  the  constrictor  mechanisms.  Anderson, 
after  eliminating  the  dilator  paths,  saw  similar  evidence 
of  fatigue  in  eliciting  the  sensory  reflex.  Repeated 
Btimuli  were  without  effect  unless  an  interval  of  some 
minutes  was  allowed. 


The  foregoing  explanation  of  hippiis  implies  the  exist- 
ence of  final  common  paths  which  unite  the  dilator  and 
constrictor  effectors  in  asHOciatcd  action.  The  co-ordina- 
ting centre  is  sitnatad  at  the  commencement  of  these  aaso- 
ciated  final  common  paths  somewhere  in  thecerebelhim  or 
mid-brain.  As  the  simple  reflex  has  been  amalgamated 
with  other  reflexes  to  make  the  type  reflex,  so  the  pupil 
reflex  in  certain  cases  has  been  compounded  with  other 
nociceptive  reflexes  to  form  complicated  protective  move- 
ments. We  have  already  seen  that  the  simple  direct  con- 
nection between  the  oculo-motor  and  vestibular  nuclei  is 
not  sufficient  to  insure  co-ordinated  action  bet^veen  ocular 
movements  and  movements  of  equilibration.  A  higher 
co-ordinating  centre  is  necessaiy.  Similarly,  in  certain 
phases  at  least,  the  pupil  reflex  seems  to  require  some 
higher  co-ordinating  centre,  exclusive  of  that  within  the 
tliird  nucleus.  Ferrier's^  observations  give  us  grounds 
for  locating  the  centres  for  reflex  ocular  movements  in  the 
cerebellum,  Ferricr^a  exi>eriments  also  seem  to  indicate 
that  there  are  pupillary  centres  in  tlio  cerebellum  asso- 
ciated with  those  for  ocular  movements.  The  exact  loca- 
tion of  the  higher  pupillary  centres  is  a  matt-er  for  future 
research.  Meanwhile  it  is  justifiable  to  assimie  their  ex- 
istence presumably  in  the  cerebellum  or  mid-brain,  judg- 
ing from  analogy  and  the  resiUts  of  certain  experiments 
in  relation  to  the  spinal  reflexes.  The  paths  d©scril3ed 
by  v.  Bi^chterew  as  passing  in  the  superior  peduncle  be- 
tween the  third  nucleus  and  the  corebellurn  are  prfjbably 
related  to  this  higher  representation  of  pupillary  move- 
ments.    See  superior  peduncle  in  the  anatomical  synopsis. 

The  possibility  of  alternating  vascular  changes,  coinci- 
dent with  similar  changes  in  the  general  circulation,  caus- 
ing the  hippus  phenomena,  may  be  dismissed  since  the 
range  and  suddenness  of  the  iris  movements  were  alt*^ 
gether  beyond  the  capacity  of  men^  vascular  variations. 

The  constriction  of  the  pupils  so  regularly  seen  in  aural 
irrigations  results,  to  some  extent  perhaps,  nither  from  the 
prolonged  constrictor  phase  of  the  hippus  than  from  any 
constrictor  effect  att r ihutable  to  vesti lailar  i rritation.  The 
inequality  of  the  pupils  results  from  relative  or  alisolute 
increase  of  cerebelhir  tonus  in  one  side  as  conipnn»d  with 
the  other.      Ferrier'^has  shown  that  stimulation  of  one 
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side  of  the  cerebellura  causes  homolateral  pupillary  con- 
striction. In  cold  irrigations  of  the  left  oar  the  labyrin- 
thine receptors  are  depressed.  As  these  receptors  are 
mainly  related  to  the  opposite  half  of  the  cerebellum  there 
is  depression  of  cerel>ellar  tonus  upon  the  right  side  with 
a  relative  increase  of  it  on  the  left  side.  This  causes  the 
relative  constriction  in  the  left  pupil  found  so  constantly 
in  cold  irrigations  in  the  left  ear.  Similarly  in  hot  irri- 
gations in  the  left  ear  the  cerebellar  tonus  is  increased 
upon  the  opi>osite  side,  causing  relative  constriction  of 
the  right  pupil. 

The  first  effect  of  hot  and  cold  irrigations  upon  the 
retinal  vessels  was  dilatation.  This  was  immediately  fol- 
lowed by  marked  contraction.  When  the  irrigations  were 
continued  until  nausea,  sickness  and  general  exhaustion 
resulted,  the  retinal  vessels  were  in  a  state  of  extreme 
contraction,  the  dark  shadows  frc^ni  the  chorioidal  vessels 
showing  plainly  through  the  pale  retina.  A  short  time 
after  the  irrigations  the  retimil  vessels  were  regularly  some- 
what dilated.  At  times  the  subiect  saw  coloured  images, 
evidently  shadows  from  the  disc  and  retinal  vessels.  Irri- 
gations at  100°  F.  caused  the  retinal  vessels  to  dilate. 

These  observations  correspond  closely  with  those  made 
by  Rockwell  and  Beard  ***^  upon  galvanization  of  the  sympa- 
thetic in  the  neck,  Roosa,  who  held  the  ophthalmoscope, 
saw  at  first  hypera?mia  of  the  retinal  vessels  followed  soon 
by  anoeraia.  However,  much  difference  of  opinion  exists 
between  obseri^ers  as  to  the  precise  changes  ni  the  retintil 
vessels  th«t  follow  galvanization  of  the  sympathetic.  Some 
saw  only  contraction,  whilst  others  saw  only  dilatation. 
Perhaps  the  difference  in  the  findings  is  due  to  a  differ- 
ence in  the  strength  of  the  stimulus  imd  a  difference  in  the 
time  of  observation  as,  after  a  certain  length  of  time  (a 
few  moments)  following  aural  irrigations,  the  retina!  ves- 
sels became  dilated.  The  constriction  and  dilatation  of 
the  retinal  vessels  during  rotations  and  irrigations  seem 
to  be  but  a  part  of  the  gt*neralciTCulatc*ry  changes  in  prog- 
ress during  rotations  and  irrigations,  and  seem  to  be 
caused  by  alternate  excf tuition  and  inhibition  of  the  vaso- 
constrictor centre  by  stimuli  originating  in  the  labyrin- 
thinoj  cardiac  and  other  receptors. 

The  visual  fields  did  not  seem  to  be  affected  in  any  ^^i.- 
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ticular  manner  by  aural  irrigations,  but  no  adequate  tests 
were  made  upon  which  to  rase  reliable  conclusions  aa  to 
this  point* 

The  ftpparcnt  movementa  of  objects  during  the  after- 
nystagmus  in  rotations  and  during  the  nystagmus  of  au- 
ral irrigations  needs  a  little  further  elucidation.  It  has 
already  been  explained  that  in  horizontal  nystagmus,  say 
toward  the  right,  vision  is  impossible  during  the  excur- 
sions of  the  fundus  t4>  the  left  under  the  inHuence  of  the 
short  jerky  elements  of  tlie  anterior  part  of  the  eyeball  to 
the  right.  Vision,  however,  is  jx)8sible  during  the  slow 
return  movements  of  the  fundus  toward  the  right.  It  is 
owing  to  this  slow  return  movement  that  images  of  exter- 
nal objects  fiill  upon  successive  horizontal  areas  of  the 
retina  which  are  nearer  and  nearer  to  the  left  of  the  fun*] 
dus.  This  movement  of  images  upon  the  retina  toward 
the  left  is  falsely  interpreted  (projected)  as  a  movement  of 
eit-emal  objects  t^jward  the  right.  See  diagrams.  A  sind- 
lar  exphmation  holds  for  vertical  nystagmus. 

In  rotary  nystagmus,  vision  is  likewise  impossible  dur- 
ing the  rapid  excursions  at  the  height  of  the  nystagmus. 
During  the  slow  return  movement,  however,  vision  is  clear. 
Thus  in  rotary  nvstagmus  against  the  watch,  the  slow 
movement  of  the  fundus  occurs  with  the  watch.  During 
such  a  movement  objects  directly  in  front  of  the  eyes 
casting  their  images  directly  on  tlie  centre  of  the  retina 
do  not  seem  to  move,  whilst  objects  to  the  left  of  tJie  sub- 
ject appear  to  move  upward  from  the  feet  to  the  head  and 
those  on  his  right  seem  to  move  downward  from  the  head 
toward  the  feet.  The  explanation  is  as  follows:  The 
images  of  objects  situat^^d  on  the  subject's  left  appear  on 
the  right  side  of  the  n?tina  at  successively  lower  levels, 
owing  to  the  slow  return  movement  of  the  fundus  with 
the  watch.  Thiii  is  falsely  interpreted  (nrojwted)  as  an 
actual  movem€*nt  of  the  external  objects  from  below  up* 
ward.  See  diagram.  Objects  situated  on  the  right  of 
the  subject  cast  their  images  upon  the  left  side  of  tlie 
retina.  Owing  to  the  slow  movement  of  the  retina  wil* 
the  watch  the  images  ap{>ear  at  successively  higher  level. 
on  the  retina.  This  is  falsely  interpreted  as  an  actual 
movement  of  external  objects  from  above  downward.  For 
similar  reasons  looking  downward  in  rotary  nystagmus 
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againBt  the  wat-ch  gives  the  appearance  of  external  objects 
moving  toward  the  left,  whilst  looking  upward  gives  the 
impression  of  an  apparent  movoment  of  objects  ttjward 
the  right*  It  should  be  remembered,  however,  that  vol- 
untarily turning  the  eyes  strongly  in  cRrtain  directions 
has  a  tendency  to  inhibit  or  enhance  one  or  other  element 
of  the  nystagmoB.  Thus,  for  instance,  looking  upward  fre- 
quently slows  or  inhibitBthe  rapid  element  in  rotary  nys- 
tagmus againpt  the  watdi  and  at  the  same  time  may  de- 
velop a  verticiil  nysbigmua  in  an  upward  direction.  On 
accountof  the  location  of  thoirinsertionBin  relation  to  the 
centre  of  rotation  of  the  eyeball  the  siiporior  and  inferior 
oblique  muscles  tend  to  rotate*  the  globe  downward 
(Fuchs*^'').  Hpncc,  looking  up  t-f^ncU  to  inhibit  the  play 
of  these  muiijcles  in  nystagmus  and  thereby  to  favor  the 
development  of  some  latent  or  subsidiary  form  in  another 
direction* 

The  general  effect  of.a  mixed  horizonbil  and  rotary  nys- 
tagnnia  to  the  right  and  against  tfie  watch  respectively ^  is 
ordinarily  the  api>eamnce  of  externa!  objects  moving  from 
left  to  right  with  a  downward  slant. 

The  nystagmua  of  aural  irrigations  has  nlready  been 
described.  In  rotations  aliout  the  three  main  axes  of  th© 
body  a  charact/eristic  dominant  type  of  nystagmns  was 
found  to  be  constjint  for  the  movement  in  eacli  separate 
plane.  Thus  rotation  alxjut  the  long  axis  from"  right  to 
left  has  directly  assm^iated  with  it  a  primary  horizontal 
nystagmus  directed  toward  the  left;  rotation  in  the  mesial 
plane  **face  first"  has  directly  asmx^iated  with  it  verticfl.1 
nystagmus  direct^^'d  toward  tlie  feet,  whilst  rotation  in  the 
mesial  plane  '^occiput  first"  has  directly  associated  with 
it  vertical  nystagmus  directed  toward  the  top  of  the  head. 
In  addition  to  the  dominant  form  of  nystagmus,  however, 
there  was  at  tunes  present  in  the  various  forms  of  rota- 
tion a  subsidiary  form.  Thus  in  rotations  about  the  long 
axis  from  right  to  left  a  rotary  nystagmus  witli  the  watch 
was  superadded  to  the  primary  horizontal  nysttigmiis 
direct-ed  to  the  left. 

The  actual  movements  of  tlie  eyes  were,  of  course,  best 
studied  in  the  after-nystagmus,  and  deductions  made 
from  these  as  to  the  primary  movements  as  well  as  from 
the  apparent  movement  of  external  objects.     The  domi- 
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nant  element  of  nystagmus  was  also  directly  observed 
during  actual  rotations.  In  aural  irrigations  the  direction 
of  the  elements  of  the  nystagmus  was  directly  ascertained 
by  the  aid  of  the  ophthalmoscope  and  was  found  to  justify 
the  deductions  already  made  in  rotAtions.  The  cause  of 
the  mixed  type  of  nystagmus  inrottitions  wfis  due  in  part 
to  an  irregularity  in  the  direction  of  the  swing  whereby  the 
body,  instead  of  revolving  strictly  aljout  its  long  axis,  de- 
scribed in  its  course,  as  a  whole,  an  ellipse,  thus  approxi- 
mating a  movement  to  and  fro  in  the  coronal  plane,  thereby 
affecting  the  receptors  in  the  ampullae  of  the  superior 
oinats.  In  aural  i  rrigations  a  great  factor  in  the  production 
of  the  superadded  rotary  element  is  to  be  sought  in  the 
anatomical  relations  of  the  semicircular  canals,  whereby 
the  prolonged  action  of  heat  or  cold  affects  not  only  the 
receptors  in  the  ampulla  of  the  external  semicircular  canaJ, 
but  also  the  receptors  in  the  nearby  ampulla  of  the  superior 
canal  J  and  even  those  in  the  macula  of  the  utricle.  In 
rotations  in  the  coronal  plane,  the  chief  effect  of  which  is 
felt  in  one  or  other  of  the  ampullfe  of  the  supf?rior  semi- 
circular canals,  a  secondary  and  subsidiary  effect  is  fre- 
quently manifested  through  the  ampulla ry  receptors  of 
the  adjacent  horizontal  canal. 

In  rotations  in  the  mesial  plane  the  peripheral  laby- 
rinthine mechanisms  involved  are  bilateral  instead  of  uni- 
lateral as  in  rotations  in  the  coronal  plane  or  about  tlie 
long  axis.  Thus  in  rotations  in  the  mesial  plane  "occi- 
put first"  the  ampullfe  of  b<jth  posterior  canals  are  chiefly 
affected,  whilst  their  natural  opponents  in  rotations  in 
the  mesial  plane,  viz,,  the  ampul  lie  of  txjtli  superior  canals 
are  chiefly  affected  in  robitions  * '  face  first. '  *  In  rotations 
in  the  mesial  plane  the  nyi^tagnnis  is  almost  purely  verti- 
cal being  primarily  directed  toward  iht>  feet  in  rotiitions 
**face  first''  and  toward  the  vert<3X  capitis  in  rotations 
'  *  occiput  first. ' '  If  the  rottitions  lie  coufined  strictly  to 
the  sagittal  plane  no  horizontal  or  rotary  element  will  ap- 
pear in  normal  individuals,  because  under  the  conditions 
supposed  the  ampidla?  of  each  pair  of  canals  are  equally 
affected,  for  in  mesial  rotations  the  ampulla  of  one  canal 
upon  one  side  is  not  opposed  functionally  to  its  fellow  of 
the  opposite  side,  as  in  coronal  and  horizontal  rotations, 
but  both  ampullaj  of  tlie  superior  canals  are  the  4irect 
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opponents  of  both  ampuUse  of  the  posterior  canals.  Since, 
therefore,  horizontal  and  rotary  nyBtagmus  are  caused 
respectively  by  unilateral  affection  of  a  horizontal  or  a 
superior  canal  respectively,  it  is  clear  that  in  mesial  rota- 
tions these  elemente  are  genenilly  absent-  Here,  again, 
aural  irrigations  have  come  to  the  rescue,  for  whilst  hori- 
zontal and  rotary  nystagmus  occur  BimultaneouBly  in  one- 
sided hot  and  cold  irrigations,  when  such  irrigations  were 
given  bilaterally  and  with  care,  the  only  nystagmus  pro- 
duced was  of  the  vertical  type.  In  tbe  case  of  bilat^>ral 
cold  irrigations  the  vertical  nystagmus  was  directed  toward 
the  head,  as  directly  observ^ed  by  means  of  the  ophthalmo- 
scope. As  this  form  of  nystagmus  is  the  same  as  that 
which  directly  accompanies  rotations  in  the  mesial  plane 
* 'occiput  first"  and  as  bilateral  cold  irrigations  act  by 
depressing  equally  the  receptors  in  tlie  ampullse  of  the 
superior  and  horizontal  canals  of  both  sides  which,  as  we 
have  just  seen,  has  no  effect  or  a  neutral  one  in  causing 
horizontal  and  rotary  nystagmus,  it  is  evident  that  the 
vertical  nystagmua  toward  the  vertex  must  result  from  a 
disturbance  of  the  mechanisms  involved  in  mesial  rota- 
tions, viz,,  by  means  of  absolute  depression  of  irritability 
(increased  threshold  value)  of  the  receptors  in  the  am- 
pullae of  the  superior  canals  or,  which  amounts  to  the  same 
thing,  a  relative  enhancement  of  irritability  (low^ered 
threshold  value)  in  the  receptors  of  the  ampullie  of  the 
posterior  canals. 

In  bilateral  hot  irrigations  the  vertical  nystagmus  is 
directed  toward  tlie  f(^t.  In  these  irrigations  tbe])eriph- 
eral  mechanisms  involved  in  mesial  rofaitions  were  dis- 
turbed by  enhancement  of  irritaliility  (lowered  threshold 
value)  in  the  receptors  of  the  ampiillte  of  the  superior 
canalsj  resulting  in  nystagmus  that  is  identical  in  nature 
and  direction  with  that  which  is  directly  associated  writh 
mesial  rotations  "face  first."  In  this  way,  by  means  ol 
aural  irrigations,  a  knowledge  of  tlie  function  of  tlie  pos- 
terior canals  has  been  olittiined,  even  tliough  th(\y  are  tx^o 
deeply  situated  t^  be  directly  affected  by  heat  or  cold  ap- 
plied within  the  external  auditor}^  eanal.  And  this  knowl- 
edge accords  in  every  respect  with  ^vhat  has  been  dett^r- 
mined  by  animal  experimentation.  Ewald,  ™  by  means 
of  hie  pneumatic  hammer,  and  Breuer,  '*  by  means  of  avvi- 
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tion  and  insufflation,  found,  on  forcing  the  endoljTnph 
toward  the  ampulla  of  tlie  horizontfil  oanaJ,  a  stimulus 
reaction  in  which  the  head  went  to  the  opposite  side  and 
on  withdrawal  of  thehannuer  a  weaker  reaction  of  retarda- 
tion caused  by  the  current  of  eudolyniph  from  the  ara- 
piilla  toward  the  canal.  The  stimulation  effect  obtained 
thus  by  Ewald  from  a  current  of  cndfihTuph  toward  the 
ampulla  corresponds  exactly  with  those  effects  ol>tained 
from  hot  irrigations  on  one  side  or  directly  from  rotation 
about  the  long  axis  toward  the  eide  in  which  the  canal 
under  observation  is  located.  Ewald 's  experiment  shows 
conclusively  that  in  rotations  alxuit  the  long  axistlio  chief 
effect  upon  the  ampullary  nerve  endings  is  brought  about 
by  whatever  tends  to  create  a  current  of  endoljunph 
toward  the  ampulla  from  the  canal,  and  that  a  secondary 
retardation  effect,  much  less  in  degree,  is  to  be  expected 
from  whatever  tends  to  create  a  current  of  endolymph  f n:)m 
the  ampulla  toward  the  canal.  Owing  to  the  fact  that 
the  calibre  of  the  membranous  canals  is  capillary  in  size, 
an  actual  movement  of  the  end(Jl}^uph  from  the  ampulla 
toward  tJie  canal  is  scarcely  i^ossible  in  rotations  calcu- 
lated to  cause  a  flow  of  endolymph  in  that  direction.  An 
alteration  of  pressure  conditions,  if  not  an  actual  move- 
ment of  endolpnph,  is  sufficient  to  stimulate  the  ampullary 
receptors  so  as  to  upset  the  delicat^^  balance  of  the  laby- 
rinthine tonus  apparatus.  The  delicacy  of  the  ampullary 
receptors  is  extreme.  All  sorts  of  stinnili  seem  to  affect 
them,  e.g.,  "galvanic,  tactual,  thermal,  and  even  photo 
stimuli. 

Looking  now  to  the  location  and  direction  of  the  semi- 
circular canals  and  their  relations  to  each  other  it  is  evi- 
dent that  in  a  rotation  about  the  long  axis,  let  us  say  from 
left  to  right,  there  is  creatsnl  in  the  riglit  horizontal  canal 
a  tendency  to  drive  the  eudol\Tnph  toward  the  ampulla 
from  the  canal,  and  if  the  suliject'S  hond  be  tilted  back- 
ward at  the  same  time,  there  is  created  in  the  left  superior 
canal  a  tendency  for  the  endolymph  to  fluw  fi"om  tlie  am- 
pulla toward  the  canal.  In  rotations  in  the  mesial  plane 
* 'occiput  first*'  there  is  a  tendency  t«  drive  the  endolvmph 
away  from  the  ampulla3  of  both  posterior  canals,  causing 
vertical  nyattigmus  toward  the  vertex.  In  mesial  rotations 
'*face  first' ^  there  is  a  tendency  to  drive  the  endolymph 
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away  from  the  ampiillEB  of  both  euperior  canalg  with  the 
production  of  vertical  nystagmiie  tt^ward  the  feet.  The 
absence  of  rotary  nystagraue  in  theae  niesial  rotations  ie 
accounted  for  by  the  simultaneous  and  equal  affection  of 
the  opposing  seta  of  receptors  u]K>n  either  side  of  the  body. 
The  views  here  expressed  have  the  support  of  Ewald,^^  who 
found  that  whereas  a  flow  of  endolymph  toward  the  am- 
pulla from  the  canal  caused  the  etimiUus  reaction  in  the 
lorizontal  canal,  the  opposite  was  true,  for  the  sujMrior 
id  posterior  canals  in  whicli  the  flow  from  the  ampullae 
ward  the  canals  had  the  primary  stimulating  effect, 
whilst  a  flow  toward  the  ampullae  causinl  the  weaker  re- 
action of  retardation. 

In  rotations  against  the  watch  in  the  coronal  plane  with 
the  subject  lying  supine,  the  mixed  after-nyBtagmua  was 
composed  of  a  rotary  element  with  the  watch  and  a  verti- 
cid  element  directed  toward  the  feet.  External  objecta 
seemed  to  move  from  the  head  toward  the  feet  in  a  slant- 
ing direction,  roughly  indicatc^d  hyaline  drfiwn  from  the 
left  eye  to  the  right  great  toe.  By  stopping  the  swing 
Buddenly,  a  current  of  endolymph,  away  from  the  ampullftj 
was  created  in  the  left  superior  canal,  thereby  eaueing  the 
after-nystagmus  just  descril^ed.  The  apparent  movement 
of  objecta  in  this  instance  evidently  resulted  from  enhance- 
ment of  the  downward  vertical  element  due  to  the  peculi- 
arities of  insertion  of  the  superior  and  inferior  oblique 
muecles.  This  element  is  normally  latent  in  pure  rotary 
nystagmus,  but  may  be  developed  by  looking  toward  the 
feet. 

IkVliether  the  tendency  to  a  reflux  toward  the  canal  from. 
le  ampulla,  or  vice  versa,  is  important  in  determining  the 
?condary  nystagmus  and  other  effect^s,  seems  doubtful, 
lince  the  conditions  in  rotations  as  the  swing  slows  doT;\Ti, 
hardly  be  comj)ared  with  those  brought  alx>ut  by 
ireuer's  suction  or  by  stripping  the  membranous  canals 
by  means  of  the  Ewald  hammer.  At  all  events  the  ten- 
dency to  ]TOsitive  counterpressures,  created  in  the  canals  of 
the  opposite  side  by  slowing  (*r  stopping  of  the  swingi 
overshadows  such  retardation  effects. 


CHAPTER  XVIII 

THE  EFFECTS   OF  THE  GALVANIC   CURRENT   UPON 
THE  SEMICIRCULAR  CANALS 

Numerous  observations  were  made  on  various  subjects 
and  with  the  anode  and  cathode  in  various  positions,  euchj 
for  insUmce,  as  with  one  electrode  over  the  mastoid  area 
whilst  the  oth*'r  was  held  in  the  liand  of  the  same  or  oppo- 
site sidej  or  fixed  upon  the  breast.  All  sorts  of  combina- 
tions were  tried.  The  electrode  applied  to  the  mastoid 
area  was  held  in  position  by  a  bimdage  the  better  to  ap- 
preciate the  smaller  degrees  of  reactionary  movements  of 
the  he-ad. 

The  general  results  were  as  follower  With  the  positive 
pole  over  the  left  and  the  negative  over  the  right  mastoid 
area,  the  head  went  strongly  to  the  left  side  on  closure  of 
the  circuit.  The  eyes  were  at  first  drawn  to  the  left,  side 
but  later  showed  mixed  nystagmus,  the  horizontal  element 
being  directed  to  the  right  and  the  rotary  element  directed 
against  tlie  watch.  External  objecti*  seemed  to  move  from 
left  to  right  and  downward.  The  retinal  vessels  were  at 
first  dilated  and  later  contracted.  There  were  vertigo, 
pallor,  nausea  J  '*  lump- sensation''  in  the  stomach,  increased 
saliva,  etc.  In  fact  the  phenomena  were  in  every  way 
analogous  to  those  seen  with  cold  irrigations  of  the  left 
ear. 

On  opening  the  circuit  the  head  was  innned  iately  pulled 
toward  the  right,  i.e.,  into  the  vertical  position.  With 
the  anode  over  the  left  mast*>id  and  the  cathixle  over  the 
left  breast  similar  phenomena  were  observed,  but  of  less  de- 
gree. With  the  cathode  over  the  left  ma^stold  area  and 
the  anode  over  tlie  left  breast  the  head  was  dmwn  to  the 
right  on  closure  of  the  circuit,  and  the  eyes  showed  mixed 
nystagmus,  the  horizontal  element  l>>ing  toward  the  left^ 
whilst  the  rotary  element  was  with  the  watch.     These 
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movemente  of  tbe  head  and  eyes  were  of  greater  degree 
than  the  similar  movemente  noted  with  the  positive  pole 
over  the  left  mastoid.  The  reaction  of  the  cathode  over 
the  left  mastoid  area  was  in  eveiy  respect  analogous  to  a 
hot  irrigation  of  the  left  ear- 

During  the  continoed  flow  of  the  currentj  if  the  subject 
closed  his  eyes  he  felt  his  body  revolving  about  its  long 
axis  in  the  same  direction  aa  that  taken  by  the  horizontal 
element  of  the  nystagmus.  Let  lis  suppose  the  case  where 
the  anode  is  over  the  left  mastoid  and  the  head  inclines  to 
the  left,  whilst  the  eyes  are  in  nystagmus  with  the  horizontal 
element  toward  the  right.  If  the  subject  close  his  eyes  he 
will  imagine  himself  revolving  aljout  his  long  axis  from 
left,  to  right.  This  is  exactly  what  the  subject  experiences 
sitting  upright  with  closed  eyes  during  a  cold  irrigation 
of  the  h*ft  ear.  It  is  also  the  counterpart  of  what  occurs 
uix)n  sudden  slowing  or  stopping  of  a  rotation  about  the 
long  axis  from  right  Ui  left. 

A  male  subject,  aged  55,  afflicted  with  talies  dorsalia,  but 
with  normal  hearing,  showed  the  usual  reaction  to  galvan- 
ism. On  standing  up  the  disturbances  of  equilibrium  on 
opening  and  closing  the  circuit  were  very  marked.  This 
subject  seemed  more  susceptible  to  galvanic  vertigo  than 
the  usual  run  of  people.  After  the  application,  which  was 
very  mild  and  did  not  sicken  or  distress  him  as  did  irri- 
gations practised  on  a  previous  occasion,  it  was  noted  that 
for  a  time  the  subject  walked  and  balanced  better  than 
before  the  application. 

In  a  normal  person  the  anode  and  cathode  were  care- 
fully secured  over  the  left  and  right  mastoid  areas  respec- 
tively, and  careful  note  was  made  of  the  degree  of  response 
made  on  closure  of  thc^  circuit  as  measured  by  the  devia- 
tion of  the  head  and  Ixxly. 

A  bilateral  aural  irrigation  at  12P  F,  was  then  given, 
with  the  electrodes  still  in  situ  and  immediately  af^r  the 
irrigtition  the  circuit  was  closed.  It  was  found  that  after 
the  hot  irrigation  the  reaction  was  markedly  increased, 
tlie  head  and  body  going  much  more  strongly  toward  the 
anode.  In  addition  the  susceptibility  of  the  subject  was 
otherwise  enhanced,  for  the  current,  aftjer  the  irrigation, 
made  him  feel  nauseated  and  much  sicker  and  dizisierthan 
it  had  ever  done  before,  eo  that  he  became  very  pale. 
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weak  and  tremuloiig.     Care  was  taken  to  nee  ciirrents  of 

equal  etrength  in  mch  casB  and  to  eliminate  every  possible 
Bource  of  error.  It  was  noted  that  the  increaaCMi  irritabil- 
ity to  gixlvanism  of  the  semicircular  canals  soon  dis- 
appearnd. 

With  the  cathode  over  the  left  and  the  anode  over  the 
right  mastoid  area,  tests  were  carefully  made  before  and 
after  irrigation  of  the  left  ear  at  IIS*^  F.  It  was  not4^d 
that  after  the  irrigation  there  was  markedly  increased  de- 
viation of  the  head  to  the  right  on  closure  of  the  circuit. 
The  hot  irrigntion  also  caused  j^mdiially  increasing  pain 
in  the  vicinity  of  the  drum  mombrane  until  the  flow  of 
water  became  unbearable. 

Similar  testa  were  made  with  the  cathode  over  the  left 
mastoid  and  the  anode  over  the  left  breast.  It  was  noted 
that  after  irrigation  of  the  left  ear  at  115°  F.  the  deviation 
to  the  right  was  increased  on  closure  of  the  circuit  com- 
pared with  that  notcil  before  the  irrigation.  With  the 
cathode  still  over  the  left  mastoid  it  was  found,  after  irri- 
gation of  the  right  enr  wnth  wat^^r  at  115°  F.  that  devia- 
tion to  the  riglit  was  diminished  or  absent  on  closure  of 
the  circuit.  Currents  of  equal  strength  were  used  before 
and  after  the  irrigation, 

Similar  teats  w^ere  made  with  the  anode  over  the  left 
mastoid  and  the  cathotlo  over  the  left  breast,  Aft€»r  irri- 
gation t>f  the  left  ear  at  116°  F.  there  was  no  deviation 
on  closure  of  the  circuit.  Immediately  the  position  of  the 
jioles  was  reversed  sotliat  the  cathode  was  placed  over  the 
left  mastoid  and  then  closure  of  the  circuit  resulted  in  a 
marked  deviation  to  the  right.  It  was  noted  that  if  these 
test^  w^ere  made  with  the  Bubject  standing  up,  the  dis- 
turbance of  equilibrium  was  nuich  more  manifest  and  the 
8ubject*8  sickness^  nausea,  etc.,  more  pnjnounced  than 
when  the  tests  were  made  with  the  suliject  sitting  erect.. 
After  the  last  hot  irrigation  the  subject  deviated  to  the 
right  in  walking  with  the  eyes  closed. 

Galvanism  was  tried  on  a  man  25  years  old  in  whom 
there  was  practically  no  drum  membrane  in  the  left  ear, 
whilst  there  were  two  fair-sixed  perforations  in  the  right 
dmm  membmne.  It  was  at  once  appan^nt  that  this  man  was 
unusually  susceptible  to  the  effects  of  galvanism  as  com- 
pared with  all  the  other  subjects  examined.     It  should  be 
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BQentioned,  however,  that  previous  to  the  application  of 
the  electrodes  he  hayd  had  cold  and  hot  irrigations,  the  last 
one  being  at  116^  F.  Witli  the  anode  over  the  left,  and 
the  cathode  over  the  right  mastoid  area  and  properly 
secured^  on  clostire  of  the  circuit  the  head  inclined  to  the 
left.  Tiie  eyea  were  at  first  drawn  to  the  left  and  were 
rotated  strongly  in  the  direction  of  the  hands  of  the  watch. 
It  was  soon  apparent,  however,  that  a  mix«?d  nystagmus 
was  present,  with  the  horizontal  element  directed  to  tfie 
right,  and  the  rohiry  element,  which  was  unusually  well 
marked,  dirwted  against  tlio  watch.  During  the  continu- 
ance of  the  current  this  nystagnnis  persisted  to  the  right 
and  against  the  watch.  During  the  continued  flow  of  the 
current  on  turning  the  eyes  strongly  to  the  left  the  rapid 
jerks  of  the  rotary  nystagmus  seemed  to  be  lengthened  and 
slowed,  and  external  objects  seemed  to  move  up  and  down. 
On  looking  up  there  seemed  to  l>e  less  motion  of  th(3  oyi^, 
and  what  motion  there  was  took  place  in  tlie  horizontal 
plane  to  the  right.  External  ol^jects  seemed  to  move  in 
the  same  plane  and  direction.  On  looking  down,  the 
rotary  element  was  still  against  the  watch,  and  objects 
seemed  to  jimip  from  side  tfj  side.  On  looking  to  the 
right  the  eyes  jerked  to  the  right  and  agiiiust  the  watch. 
On  looking  to  the  left  moderately,  the  eyes  jerketl  mainly 
against  the  watch,  and  obj^^cts  appeared  to  go  upward  on 
the  left. 

At  the  moment  of  "making"  with  the  eyes  directed  to 
the  right,  the  eyeballs  were  drawn  to  the  left  and  rotated 
with  a  steady  pul!  in  the  direction  of  the  hands  of  the 
watch.  On  looking  tcj  the  loft  at  the  moment  of  * '  making' ' 
the  eyes  were  rotated  strongly  with  tlie  w^atch.  On  looking 
up  and  on  looking  down,  the  eyes  were  similarly  drawn 
to  the  left  and  rot^ited  with  the  watch  at  the  moment  of 
closure  of  the  circuit.  With  the  anode  over  the  right,  and 
the  cathode  over  the  left  mastoid  area,  similar  phenomena 
were  nott^d.  The  head  inclined  to  the  right.  There  was 
mixed  nystagmus  with  the  horizontal  element  to  the  left 
and  the  mtary  element  with  the  watch.  Objects  seemed 
to  pass  around  the  subject's  body  in  the  direction  of  the 
hands  of  the  watch  in  the  coronal  plane. 

The  conclusions  are: 

1.  That  the  effects  of  closure  of  the  circuit  with  the 
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unode  over  the  left  mastoid  are  exactly  like  those  of  cold 
irrigations  of  the  left  ear  which,  in  turn,  are  like  the 
primary  effects  of  rotation  abfmt  the  long  axia  from  left 
to  right  or  the  secondary  effects  of  a  similar  rotation  from 
right  to  left, 

2.  That  the  effects  of  cltjauro  of  the  circuit  with  the 
cathode  over  the  left  mastoid  area  are  identical  with  those 
of  hot  irrigations  in  the  left  ear,  and  with  the  primary 
effects  of  rotation  from  right  to  left  about  the  long  axis  or 
the  secondary  effects  of  a  similar  natation  from  left  to 
right. 

3.  That  on  closure  of  the  circuit  with  the  anode  over 
the  left,  and  the  cathode  over  the  right  mastoid  area,  the 
effect  ia  enhanced,  just  as  in  the  case  of  simultimeous  irri- 
gation of  the  two  ears  with  water  at  79*^  F.  in  one  ear, 
and  107°  F.  in  the  other,  after  it  had  been  shown  that 
single  irrigations  at  either  one  of  these  temperatures  was 
w^ithout  manifest  effect. 

4.  That  hot  irrigations  affect  the  hibyrinthine  receptors 
in  such  a  way  that  with  the  cathode  over  the  mastoid  area 
on  the  side  of  the  irrigation  the  usual  e^wt  ia  enhanced, 
whilst  with  the  anode  over  the  mastoid  of  the  side  of  the 
irrigation  no  effect  is  manifested  or  experienced  by  the 
subject. 

6.  That,  as  a  corollaiy  to  No.  4,  hot  irrigations  act  by 
increasing  the  irritability  of  the  homolateral  anipullary 
receptors,  just  as  cold  irrigations  act  by  depressing  them. 


CHAPTER  XIX 


HOW   ROTATIONS,   AURAL  IRRIGATIONS,   AND  GAL- 

tVANISM  AFFECT  THE  LABYRINTHINE  RECEPTORS 
AND  THE  RELATED  EFFECTORS 
It  has  already  been  shown  that  in  rotationa  the  chief 
effect  upon  the  arapiiHary  receptors  is  caused  by  changes 
of  pressure  conditions  reBulting  fmni  a  tendency  of  the 
endolyniph  io  flow  in  a  particular  direction,  e.g.,  toward 
the  ampulla  in  the  cafie  of  the  horizontal  caimls,  and  away 
from  the  ampulla  in  the  case  of  the  superior  and  ix>sterior 
canals.  The  experimente  of  Ewald'^  and  of  Breuer,^*  by 
stripping,  insufflation  and  suction  of  the  membmnous 
canals,  were  cited  in  this  connection.  Furthermore  it  has 
been  shown  that,  with  the  subject  in  the  erect  posture, 
labyrinthine  balanced  mechanisms  exert,  conBtantly,  a  re- 
flex tcmue  upon  part  at  least  of  the  muscles  involved  in 
equilibration  and  that  enhimcenient  or  depreciation  of  the 
irritabilty  of  the  labyrinthine  mechanisms,  or  of  part  of 
them,  upon  one  side  of  the  body  caused  disturbances  of 
equilibrium  and  nystagmus,  lx)th  of  which  presented  a  con- 
stant characteristic  type  depending  upon  the  part  (canals) 
affected.  It  has,  moreover,  been  showTi  that  cold  irriga- 
tions act  by  depressing  the  normal  irritability  of  the  am- 
pullary  and  perhaps  the  macular  receptors,  whereby  the 
tc»nus  exerted  rellexly  through  the  related  nervous  arcs  is 
diminished  on  one  side,  thus  upsetting  the  reflex  balanced 
mechanisms  with  consequent  deviation  of  the  head  toward 
the  side  of  irrigation  and  horizontid  nystagmus  directed 
toward  the  opposite  side.  On  the  other  hand,  hot  irriga- 
tions act  by  increasing  the  irritability  of  the  labyrinthine 
receptors  affected,  thereby  disturbing  the  reflex  balanced 
mechanisms  with  deviation  of  the  head  to  the  opposite 
side  and  horizontal  nystagmus  directed  to  the  side  of  irri- 
Ltion      The  enhanced  or  depressed    irritability  of   the 
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receptora  acts  by  inerttasing  or  diminiBhing  tho  qufintita- 
tive  value  of  the  afferent  impulses  normally  generated  by 
movements  of  the  head,  rotations,  etc.  That  this  h  so 
the  following  experiment  eeeme  to  prove.  The  subject 
sitting  erect  was  rotated  about  the  long  axis  from  left  to 
rii^ht.  The  after- nystagmus  of  mixed  type  was  directed 
to  the  left  and  with  the  watch.  An  irrigation  of  the  left 
ear  for  4  minutes  at  68°  F.  was  now  given,  and  iniraedi- 
atf^ly  the  roUition  from  left  to  right  was  repeiited.  On 
suddenly  arresting  the  motion  there  was  found  to  }ye  no 
after-nystagmus,  either  of  the  horizontal  or  rotary  type  to- 
ward the  left  or  with  the  watch.  On  looking  to  the  left, 
the  eyes  were  steady,  w^th  a  tendency  to  rotat^e  nither  slowly 
against  the  wat-ch.  With  the  eyes  held  stmight  or  turned 
to  the  right,  there  was  a  violent  mixed  nystagmus  w^ith 
the  horizontal  element  directed  to  the  right  and  the  rotary 
element  against  the  watch.  In  other  words^  inst/ead  of 
the  usual  afh^r- nystagmus  appearing,  the  primaiy  nystag- 
mus persist4?d,  and  traces  of  it  were  iuiind  for  over  two 
minutes  aftf'r  tlie  sudden  arrest  of  the  rotation.  This  also 
shows  conclusively  that,  in  the  sudden  reversal  or  slowing 
of  rotations  about  the  long  axis,  the  active  fact^)r  in 
causing  aft-er-nystagmus  and  the  associated  phenomena, 
is  not  the  tendency  to  reflux  on  the  part,  of  the  endol^'mph 
from  the  ampulla  toward  the  camil  upon  the  side  ttjward 
which  the  rotation  had  been  direct-ed,  i.e.,  in  this  case  on 
the  right  side  but  a  po.'aitivo  tendency,  created  by  the  sud- 
den cessation  of  tlie  rotation,  in  the  opposite  labyrinth  of 
the  endolymph  to  flow  fi'om  the  canal  toward  the  ampulla. 
When  the  cold  irrigation  in  the  left  ear  had  deadened  the 
irritability  of  the  ampullary  receptors  of  the  left  horizon- 
tal and  superior  canals  the  pressure  conditions  created  by 
the  tendency  of  the  endol>miph  to  flow  toward  or  away 
from  the  ampullfe  were  without  effect.  In  this  manner 
the  usual  after-nystagmus  of  the  rotation  was  Bupprt^ss«?d, 
and  the  primary^  m^stngmus  allowed  to  persist,  even  for 
some  minutes  after  the  rotation  had  been  suddenly  checked. 
At  a  later  period  this  subject  was  more  fully  studied. 
Rotations  in  various  i>lanes  were  given  inmiediately  after 
unilateral  and  bilateral  hot  and  cold  irrigations.  Because 
of  the  help  they  afford  in  determining  the  mechanism  of 
labyrinthine  phenomena  the  results  are  deemed  of  sulli- 
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cient  importance  \o  warrant  free  transcription  of  the  notes 
taken  during  the  experimenta. 

With  the  subject  sitting  upright  in  the  swing,  bilateral 
aural  irrigation  at  54°  F.  caused  no  nyfltagmuH  and  no  ap- 
jmrent  moveniRnt  of  external  objeeta.  Immediately  after 
the  irrigation  a  brisk  rotation  was  given  alioiit  the  long  axis 
from  riglit  to  left,  Uix>n  sudden  arrest  of  the  swing  there 
was  no  nystagmus  and  no  apparent  movement  of  external 
objects,  but  the  subject  belched  violently  and  vomit-ed 
mucus.  During  the  rotation  there  was  a  slight  feeling  of 
sickness  and  the  subject  could  see  external  objects  pass- 
ing liefore  his  eyes,  luit  visual  fixation  was  impossible. 
It  was  noticeable  that  when  the  rotation  ceased  the  subject 
experienced  no  dizziness  or  distress  in  the  head,  did  not 
stagger  or  deviate  in  w^tilking,  and  did  not  feel  weak  or 
want  to  lie  down,  whilst  the  external  world  seemed  steady 
and  *' solid  as  a  rock. "  All  these  things  occurred  in  spite 
of  the  fiict  that  stoiiping  the  swing  caused  violent  vomit- 
ing. The  subject,  however,  looked  very  pale  from  con- 
striction of  tbe  skin-vessols.  After  a  rest  of  25  minutes 
the  pulse- rate  and  blood-pressure  were  66  and  115  respec- 
tively. The  knee-jerks  were  fairly  active.  Bilateral  irri- 
gation at  54°  F.  caused,  just  after  its  commencement,  the 
blood-pressure  to  rise  to  180,  the  pidsa  being  72.  After 
two  minutes  of  irrigation  the  pulse- rate  and  blood -pressure 
were  still  at  72  and  ISO  respectively.  There  was  no  nys- 
tagmus during  the  irrigtition,  though  the  patient  felt  a  little 
sick  in  the  stomach.  Immediately  following  the  irriga- 
tion a  hard  swing  was  given  alx*ut  the  long  axis,  from  left 
to  right.  Abmpt  stopping  of  the  swing  did  not  cause 
distress  in  the  head  or  nystagmus.  Th(Te  was  no  apparent 
movement  of  external  objects,  but  again  the  subject 
belched  violently  and  vomited  bile-stained  mucus.  Im- 
mediately on  stopping  the  rotation  the  pulse- rate  and 
blood -pressure  were  CA)  and  135  respectively.  This  was  be- 
fore the  vomiting  had  occurred.  After  vomitings  i.e. ,  about 
one  minute  after  the  rotation,  the  pulse-rate  and  blood- 
pressure  were  80  and  140,  and  80  and  ISO,  whilst  the  knee* 
jerks  were  about  the  same  as  before  irrigation.  Five 
minutes  after  the  rotation  the  pulse-rate  and  blood -pressure 
were  64  and  116.  During  unilateral  irrigation  in  left  ear 
at  54°  F.  the  puJse-rate  and  blood-pressure  were  64  and 
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125,  and  there  was  present  an  irregular  vertical  nyatag- 
niuB,  with  an  apparent  up  and  down  movement  of  o)>iecte. 
At  the  onset  of  the  irrigation  the  subject  felt  sick.  Just 
before  the  onset  of  vomiting  there  was  audible  gurgling 
in  the  stomach.  At  this  moment  the  pulee-rate  and  blood- 
pressure  were  7G  and  126.  Afti^r  vomiting,  the  pulse-rate 
and  bhxid-preaflure  were  84  and  145.  The  knee-jerks  were 
Hllghtly  affectedj  the  right  being  perceptibly  diminished. 
The  abaenee  of  horizonttil  nysttigmus  in  this  irrigation 
was  due  to  the  fact  that  the  anipuUary  receptors  in  the  hori- 
zontjil  canals  had  not  recovered  from  the  effects  of  the 
previous  irrigations  (exhaustion).  The  irregular  vertical 
nystagmus  waa  due  ttj  a  rotaiy  element  caused  by  the 
enecte  of  the  irrigation  upon  tlie  ampulla  of  the  left 
8iil>erior  canaL  It  was  noticed  that  with  the  imi lateral 
irrigation  the  subjfct  broke  into  a  sweat  and  felt  very 
w^eak.  These  eymptoms  were  absent  in  bilateral  irriga- 
tiona. 

After  a  rest  the  subject  was  drowsy.  The  pulee-rate 
and  V^lood-pressure  were  5(^  and  110.  The  left  knee- jerk 
was  somewhat  more  active  than  the  right  During  bilat- 
eral irrigation  at  115°  F.  there  was  slight  vertical  nystag- 
mus. The  subject  felt  dizzy  and  sick,  and  external  objects 
seemed  tcj  move  from  head  to  foot  and  a  little  toward  the 
right.  The  pulse-rate  and  blood-pressure  were  64  and 
180,  Rotations  alx>ut  the  long  axis  from  left  to  right  and 
from  right  to  left  were  rapidly  given  after  the  irrig^ition. 
Upjn  checking  the  rotation  from  left  to  right  there  was 
horizontal  after-nystagmus  to  the  left.  Similarly,  upon 
checking  the  rotiition  from  right  to  left,  there  was  horizontal 
after-nystagmus  to  the  right.  Each  rotation  made  the  sub- 
ject very  dizzj^,  sick,  and  weak,  but  there  was  not  so  much 
tendency  to  vomit  as  after  the  previous  rottitions.  This 
was  due  in  part  to  the  fact  that  the  stomach  had  been  bo 
recently  emptied.  Aft-er  the  last  rotation,  which  was  from 
left  to  right,  the  subject  felt  very  distressed  in  the  head, 
and  external  objects  moved  rapidly  *' in  a  flurry*'  without 
any  particular  direction.  There  was  no  sweating  or  vomit- 
ing. The  knee-jerks  were  not  altered »  the  left  being  still 
slightly  stronger  than  the  right.  The  respiration  was 
heavy,  the  suliject  complaining  that  he  felt  as  if  a  weight 
were  on  his  chest*     Immediately  following  the  first  swing, 
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the  pulse-rate  and  blood-pressure  were  •64  and  120.  Five 
minufces  after  the  last  rotation  the  subject  felt  "done  up, '' 
His  eyes  were  tired  and  felt  like  closing.  The  pulse-rate 
and  blood-preeaure  were  64  and  115. 

On  another  occasion  in  the  renting  state  the  pulse-rate 
and  lib Kxi -pressure  were  GO  and  115.  During  irriga- 
tion of  the  left  ear  at  52°  F,  the  usual  horizontal  nystag- 
mus to  the  right  was  evident.  Wlien  the  eyes  were  strongly 
turned  to  the  left,  there  were  jerky  rotarj"  movements 
against  the  watcrh.  With  the  eyes  open  and  turned  to  the 
left,  the  subject  felt  his  iKidy  turning  on  its  long  axis 
from  left  to  right.  With  the  eyes  open  and  turned  to  the 
right,  the  subject  felt  liis  body  rotiiting  to  the  right,  but 
not  80  much  so  as  when  his  eyes  were  turned  tc>  the  left. 
This  unusual  phenomenon  occurred  during  irrigations 
practised  with  the  subject  sitting  in  the  swing  with  the 
feet  off  the  floor,  and  is  interesting  l^ecause  it  shows  to 
what  an  extent  we  rel}^  upon  other  senses  for  corroboration 
of  labyrinthine  impressions  in  estimating  our  relations  in 
space.  When  the  subject  sat  upon  a  chair  with  the  feet 
upon  the  floor  and  with  the  eyes  oi_wn  and  turned  t*o  the  left, 
no  sense  of  motion  was  experienced  in  similar  irrigations. 
During  a  swing  from  right  to  left,  immediately  following 
irrigation  of  the  left  ear  at  ^2^¥,  the  subject  saw  external 
objects  as  a  streak.  Visual  fixatifjn  was  impossible.  The 
tonus  requin^d  for  the  slow  element  of  the  primary  nystag- 
mus was  wanting.  The  after- nystagmus  to  the  right  was 
violent,  the  eyes  oscillating  back  and  forth  with  excursions 
of  equal  length  and  duration,  and  highly  suggestive  of  the 
nystagmus  of  gross  cerebellar  defect.  Later  the  eyes 
steadied  down  somewhat  and  showed  slight  horizontal 
nystagmus  io  the  right.  At  first  during  the  after-nystag- 
mus, externid  objects  seemed  to  move  back  and  forth 
furiously  from  side  to  side.  During  the  rotation  the  sub- 
ject could  hardly  think,  and  the  head  inclined  to  the  left 
shonlder  instead  of  to  the  right,  as  is  usual  in  rotations 
from  right  to  left.  There  was  no  dizziness,  and  external  ob- 
jects went  around  from  left  to  right.  Upon  cessation  of  the 
rotation  the  head  still  inclined  to  the  left  shoulder  and  the 
subject  felt  sick.  The  inclination  of  the  head  toward  the 
left  shoulder  during  the  rotjfitions  is  a  further  proof  that  de- 
viations of  the  bead  in  rotations  j  aural  irrigations  and  gal- 
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vanism,  are  the  direct  result  of  changes  of  the  labyrinthine 
t(mim  in  the  muscles  of  the  head  and  neck.  It  also  shows 
tiiat  in  the  horizontal  canals,  stress  in  thf^  ^vndolynipli  di- 
rc<: ted  away  fnjmthfj  ampulla  is  not  a  factor  in  the  compen- 
sating movements  of  equ il Dimtion.  If  it  were  such  a  ffictor, 
then  during  the  rotation  from  right  to  left,  when  the  recep- 
tors in  the  ampulla  of  the  h.^ft  horizontal  canal  had  previ- 
ously been  deadened  by  cold  irrigation,  we  eliould  exj>€H3fc 
that  the  stress  in  th(j  8ndol^^nph  of  the  right  horizontal 
canal  away  from  the  ampulla  would  draw  the  head  toward 
the  right  shoulder.  The  evidence  pointed  merely  to  rela- 
tively increased  tonus  of  the  right  labyrinth  caused  by  de- 
pression of  the  receptors  in  the  left  labyrinth.  To  this 
and  this  alone,  muet  be  attributed  the  deviation  of  the 
head. 

Irrigation  of  the  left  ear  at  50°  F,  given  10  minutes 
after  the  previous  irrigation,  caused  distre&s  in  the  stomach 
rather  than  in  the  eyes  or  head.  There  was  little  or  no 
nystagmus  even  in  turning  the  eyes  to  one  side  or  the 
other.  The  head  fell  toward  the  left  and  visual  fixation 
was  possible.  After  the  irrigation  a  hard  swing  from  left 
to  right  w^as  given.  During  the  swing  the  subject  vomited, 
and  the  head  fell  to  the  left  but  visual  fixation  was  jxifisi- 
ble.  On  cessation  of  the  swing  the  head  still  fell  toward 
the  left.  There  was  no  after-nystagmus  on  looking  straight 
ahead  or  to  the  right.  There  was  a  slight  tendency  to 
horizontal  nystagmus  on  looking  toward  the  left.  From 
thie  it  seems  that  the  tonus  innervation  associated  with 
the  slow  elements  is  the  important  factor  in  initiating 
nystagmus.  Thus,  upon  cessiition  of  the  rotation,  stress 
of  the  endolymph  in  the  left  horizontal  cjinal  w&s  created 
toward  the  ampulla,  but  owing  to  the  depressed  condition 
of  the  receptors  ( increased  threshold  value)  no  tonus  effect 
wag  manifested  m  the  muscles  on  tlie  right  side  of  the  head 
or  in  the  muscles  moving  the  eyeballs  to  the  right.  As  a  re- 
sult the  head  still  fell  toward  the  left,  and  no  after-nystag- 
mus developetl.  The  absence  of  nystagmus  during  the 
last  cold  irrigation  seemed  due  to  the  fact  that  compensa- 
tory adjustment  for  the  disturbed  labyrinthine  relations 
had  already  been  made  through  ocular  impressions,  aided 
by  voluntary  effort.  Moreover,  the  condition  of  the  recep- 
tors in  the  left  labyrinth,  after  so  many  cold  irrigations,^ 
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was  such  that  effects  from  further  cold  irrigations  were 
teraporarily  absent. 

With  the  subject  lying  supine  in  the  swing  and  rest- 
ingj  the  pulse-rate  and  blood-pressure  were  48  and  125. 
During  bilateral  irrigation  at  biP  F.  there  was  no  n^^stag- 
muB  or  discomfort.,  whilst  the  pulse-rate  and  blood-presa- 
ure  were  48  and  1H5.  Imniediately  after  the  irrigation  a 
brisk  rotation  wt\s  given  in  the  coronal  plane  and  with  the 
watch.  On  suddenly  cheeking  the  swing  the  usual  after- 
nystagmus  was  present,  i.e.,  rotary  against  the  watch  with 
ext>enml  objects  apiwaring  to  move  about  the  subject's 
body,  i.e.,  upon  the  left  ^  over  the  head  and  down  the  right 
side.  The  nystagmus  lasted  only  a  moment  or  two. 
From  this  it  seems  that  bilateral  cold  irrigations  do  not 
completely  aboh'sh  the  function  of  the  anipullary  receptors 
in  the  superior  canals. 

After  biUxteral  irrigation  at  50°  F.  rotation  in  the  sag- 
ittal plane  ''occiput  first"  caused  vertical  after-nystagmus 
toward  the  feet  and  with  a  slight  lateral  tendency  toward 
the  right.  During  the  swing  visual  fixation  was  imixts- 
sible  and  the  subject  was  made  very  dizzy. 

Rottition  in  the  8agitt*il  plane  ''face  first/'  given  after 
bilateral  irrigation  at  50°  F.,  caused  vertical  after-nystag- 
mus with  up  and  down  movements  of  the  eyes.  The 
direction  of  the  niovementa  was  slanting  from  the  left  side 
of  the  head  toward  the  right  foot.  External  objects  seemed 
to  move  **up  and  do^Mi'*  in  the  same  direction.  Tlie  ab- 
rupt stopping  of  this  last  rotation  made  the  subject  very 
sick.  This  result,  unusual  for  such  rotations^  is  to  be  at- 
tributed to  the  relatively  enhanced  irritability  of  the  am- 
pullary  receptors  of  the  ]M>sterior  canals  caused  by  the  de- 
pression of  the  ampullary  receptors  of  the  superior  cHuala 
following  the  irrigation.  The  irrigations  given  in  thc^se 
experiments  all  last^Ml  not  less  tlian  S,  nor  more  than 
4  minutes. 

The  efff»ct  of  galvanism  upon  the  semicircular  canals 
resolves  itself  also  int/j  one  of  exaltation  or  depression  of 
the  ampullary  receptors.  The  well-knoivn  phenomena  of 
electrotonus,  coupled  with  the  foreg<ung  observations,  af- 
ford an  easy  explimation.  Thus,  with  the  cathode  over  the 
left  mastoid  area  the  adjacent  ampullary  nerve  elements  ar§ 
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put  in  the  state  of  katelectrotoniis,  i.e.,  their  irritability 
18  increased  as  in  the  case  of  hot  irrigations  in  the  left  t^ar, 
and  there  is  lateral  inclination  of  the  head  toward  the 
right  with  horizontiil  nystagmus  toward  the  left.  With 
tlie  anode  over  the  left  mastoid  area,  the  atljacent  ampul- 
laiy  nerve  elements  are  put  in  a  state  of  anelectrotonus, 
i,e.j  of  decreased  irritability  with  resulting  phenomena 
similar  to  those  of  cold  irrigations  in  tiie  left  ear.'^^ 
With  the  cathode  over  one  mastoid  arena,  and  the  anode 
over  the  other,  the  maximum  effect  is  produced  as  when 
a  cold  irrigation  is  given  in  one  e^r  and  a  hot  irrigation 
in  the  other  sira'iiltaneously. 

From  the  dofinit**  direction  of  the  movements  that 
occur  in  response  to  rotations,  aural  irrigations  and  gal- 
vanism, it  is  manifest  that  the  receptors  of  each  semicir- 
cular' canal  and  vestil^ule  are  functionally  related  to 
definite  groups  of  muscles.  Thus  in  hot  irrigations  of 
the  left  ear,  the  head  is  actively  drawn  toward  the  right 
shoulder,  and  since  this  is  tlie  result  of  temporarily  in- 
creased irritability  (lowered  threshold  value)  of  the  am- 
puUary  receptors  in  the  left  horizontal  canal,  it  is  evident 
that  these  receptors  and  their  associated  arcs  are  in  Hala- 
tion with  the  muscles  on  the  riglit  side  of  the  head  and 
neck  which  govern  such  a  movement.  Similarly,  in  cold 
irrigations  of  the  left  ear  by  depression  of  the  anipullaTy 
recepix}rs  of  the  left  horizontfil  canal  and  consequent 
diminished  tonus  in  the  muscles  functionally  connc^t(3d 
with  them,  viz. :  those  of  the  opposite  side  of  the  neck  and 
head,  there  is  deviation  of  the  head  toward  the  left.  Thus 
it  is  manifest  that  a  crossetl  relation  exists  between  the 
horizontal  canal  on  one  side  of  the  body  and  tlie  muscles 
with  which  it  is  functionally  associated  upon  the  other 
Bide.  When  the  muscular  associations  of  the  ampullary 
receptors  of  the  superior  and  posterior  canals  are  consid- 
ered, the  i^videnco  i>i tints  to  the  fact  that  each  pair  of 
canals  acts  as  the  antagonist  of  the  other  pair  when  both 
members  of  one  or  other  of  the  pairs  are  equally  and  simul- 
taneously stimulated  or  depressetl,  as  in  the  case  of  bilateral 
hot  or  cold  irrigations,  or  in  rotations  in  the  sagittal 
plane.  The  evitlimce  obtained  from  various  stjurties  points 
to  the  fact  that  the  receptors  of  tlie  superior  canals  are 
associated  functionally  with  the  muscles  of  the  hfjad  and 
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neck,  eitnated  ilorRallyj  which  t^^iid  to  draw  the  hoad  back- 
ward. TliR  evidencH  of  this  relation  is  f^iipplied  in  part 
by  the  phenomena  iimnifosted  during  hilakTal  eold  irriga- 
tions where  the  head  falls  fonvard  from  depreciation  of 
the  nomial  reflex  tonus  in  the  muscles  refr^rred  to, 
Furthemiore  the  receptors  of  each  superior  canal  Beem  to 
be  in  relation  with  the  muscles  of  the  head  and  neck  of 
the  opposite*  side  and  situated  dorsally,  i.e.,  they  are  in 
crossed  relation  with  ono-lialf  of  the  muscles  just  men- 
tioned as  tending  to  draw  the  head,  whf*n  Iwnt  forward, 
hack  into  the  vertical  position.  This  conclusion  is  based 
upon  the  fact  tliat  in  single  c<jld  irrigationsj  say  of  the 
loft  auditory^  ciinalj  tJie  head  inclines  not  only  to  the  left, 
but  rotates  somewhat  on  the  long  axis  of  the  body,  bo  that 
the  chin  jx>ints  toward  the  right.  Similarly  it  may  \ye 
deduced  that  the  posterior  canals  arp  associat^^^d  fimction- 
ally  with  the  muBcl<^8  of  the  neck  which  tend  to  draw  the 
head  forward.  This  rougli  general  outline  of  the  nnificular 
associations  of  the  ainpullary  nx*eptors,  based  on  clinical 
studies,  is  in  harmony  with  the  phenomena  that  follow 
section  of  the  canals  in  animals. 

There  are  thus  ellicient  iMilanced  mechanisms  constantly 
in  action,  whereby  every  displacement  of  the  head  is  com- 
pensated or  corrected  in  a  reflex  manner.  The  influence 
of  theotcjliths  is  intentionally  omittiKlt<:>  avoid  confusion. 
Nonnally,  therefore,  equilibrium  is  niaintatned  reflex ly, 
each  displacement  being  met  by  active  stimulation  (en- 
hanced tonus)  of  the  muscles  tending  to  correct  such  dis- 
placement or  l>y  inhibition  (diminished  tonus)  of  those 
muscles  tJiat  t4?nd  to  produce  it. 

In  studying  the  muscles  involved  in  the  mechanism  of 
nystagmus  c-aused  byn)tation,  aural  irrigations,  or  galvan- 
ism, one  is  struck  at  once  by  th^  simihirity  of  their  l)e- 
haviour  to  that  of  the  muscles  that  control  the  displace- 
ments of  the  head.  Thus  in  displacenients  of  the  head  in 
aural  irrigations,  the  muscles  upon  the  side  toward  which 
the  displacement  takes  place  are  in  an  absolutely  or  n^la- 
tively  heightened  gtattJ  of  tonus  whilst  their  t>ppon(^nts  of 
the  opjxisite  side  are  in  a  state  of  diminished  tiLJnus. 
Similarly  the  muscles  that  tend  to  turn  eyelialls  in  one 
direction  or  the  otJu^r  are  for  the  momont  in  a  heigh  toned 
state  of  tonusj   whilst  the  tonus    of   their  opponents  ie 


SEMICIRCULAR  CANALS 


momentarily  depressed.  This  rule  applies  to  the  rotaiy 
and  vertical  as  well  as  to  the  horizontal  movenionts  of  tlie 
eyes.  The  grouping  of  the  opixment  nmscles  in  nystag- 
mus corrob«mt-es  what  has  been  stat(?d  concerning  the 
grouping  of  the  niUBclee  controlling  displacements  of  the 
head.  Thus  the  external  rectus  of  one  eye  works  in  con- 
junction with  the  internal  rectus  of  the  other  eye,  lx>th 
being  in  turn  opposed  by  the  analogous  muscles  on  the 
opposite  side  of  each  eyeball.  In  vortical  nystagnnis 
both  inferior  recti  are  the  oiiponents  of  both  superior 
recti.  In  rotary  nystagmus  the  superior  oblique  of  the 
right  eye,  and  the  inferior  oblique  of  the  left,  act  in  con- 
JTmction,  their  opponents  being  the  inferior  oblique  of  the 
right  and  superior  oblique  of  the  left  eye  respectively. 
In  nystagnme^  the  long  steiuly  pull  of  the  eyes  indiciites 
in  a  general  way  that  the  muscles  responsible  for  it  are  in 
a  state  of  heightened  tonus  (absolute  or  relative),  whilst 
the  short  jerky  movements  that  give  direction  t-o  the  nys- 
tagmus indicate  in  general  a  lessened  tonus  or  rh}^limic 
inhibition  in  the  related  njusclea.  Thus  in  cold  irri^- 
tions  of  the  left  ear  with  displacement  of  the  head  toward 
the  left,  and  horizontal  nj^stagmus  tOTvard  the  right,  the 
steady  pull  of  the  eyi^balls  to  the  left  indicator's  that  the 
muscles  responsible  for  it  are  in  a  relatively  beigbt-ened 
state  of  tonus,  and  are  consequently  in  functional  relation 
with  the  amjndlary  receptors  of  the  right  horizontal  canal 
which  are  relatively  exalted  as  to  their  sensibility  (low- 
ered threshold  value),  whilst  their  opponents  are  in  rela- 
tion with  the  ampullary  receptors  of  the  left  horizontal 
canal  which  are  absolutely  depressed  by  the  action  of  the 
cold  irrigation.  The  tonus  in  the  nmscles  associated  with 
either  set  of  movements  is  not  constant,  but  is  subject  to 
alternating  changes  effected  by  means  of  reciprocal  in- 
ner\^ation. 

AgaiUj  in  rotations  in  the  mesial  plane,  let  us  say 
* 'occiput  first, '*  the  priniar)^  nystagmus  is  direct^'d  toward 
the  vertex  capitis,  with  the  slow  and  steady  movement, 
during  which  vision  is  possible,  directed  toward  the  feet. 
The  latter  movement  shows  that  the  appamtus  responsible 
for  it  is  in  a  heightened  state  of  tonus  corresponding  with 
the  enhanced  irritability  of  the  ampullary  receptors  of 
both  posterior  umals,    Bimilarly,  in  rotations  in  the  mesiftl 
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plane,  **face  firat,  *'  tlie  steady  pull  of  the  primary  nys- 
tagnme  is  toward  the  vertex  corrGsponding  with  the 
heightened  irritability  of  the  ampiillary  receptors  in  fx^th 
superior  canals. 

In  rohiry  nystagmus  the  superior  oblique  acts  under 
the  influence  of  the  ampullaiy  receptors  of  th^  superior 
canal  of  the  same  side,  and  perhaps  of  the  posterior  canal 
of  the  opposite  side.     Owing  to  the  decussation  of  the 
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Diagram  illustrating  the  relations  of  the  semicircular  canals  to 
the  oculo-motor  nuclei,  A^  the  rig-ht  horizontal  canal ;  B, 
the  right  superior  canal :  C,  the  right  posterior  canal.  The 
Roman  numerals  indicate  the  oculo-motor  nuclei.  The  ar- 
rows  indicate  the  direction  in  which  the  tendency  of  the  cur- 
rent of  endoJymph  begets  the  stronger,  irritative  reaction. 


fourth  nerve  the  relation  between  the  eiiperior  and  pos-. 
terior  canals  and  the  superior  oblique  muscle  ia  an  tin- 
crossed  one.  iSoe  diagram.  A  glance  at  a  grwxl  specimen 
of  the  Iwny  canals  exixjsed  in  sUu^  with  the  relations  U\ 
the  various  part^i  and  planes  of  the  skull  pre8er\'^ed,  will 
at  once  convince  one  that  rotation  in  the  coronal  plan«^ 
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against  the  watch  t^ndB  to  displace  the  endolyraph  in  the 
right  suiJtirior  canal  from  the  ampulla  toward  the  canal. 

Similarly,  the  position  and  direction  of  the  euperior 
canals  ia  such  that  the  endoljmph  in  them  is  liable  to  f>e 
influenced  by  aural  irrigations,  but  not  by  rotations 
strictly  confined  to  a  plane  perpendicular  to  the  long  axis. 
In  rotations  in  the  conjnal  plane  with  the  wateh,  there  is 
a  tendency  tfl  displacement  of  the  endolymph  away  from 
the  ampulla  in  the  left  superior  canal.  The  ampullary 
receptors  of  the  left  superior  canal  are  thus  actively  stimu- 
lated, thereby  enhancing  the  tonus  of  the  related  muscles, 
viz.,  the  inferior  oblicjue  on  the  right,  and  the  superior 
oblique  on  the  left  side,  which  initiat(>8  rotary  nystagmus 
with  the  wateh. 

In  unilateral  cold  irrigations  the  posterior  canal  is  not 
affected,  unless  perhaps  the  irrigation  is  very  prolonged/ 
and  then  the  effect  is  to  reinforce  that  of  the  superior 
canal  of  the  opposite  side,  since  these  canals  stand  in  the 
relation  of  antagonists  probably. 

Summary  of  the  Relalions  of  tM  Ocular  Muscles, 

1.  The  external  rectus  is  mainly  in  relation  with  the 
ampullary  receptors  of  the  horizontal  semicircular  canal 
of  the  opposite  side. 

2.  The  superior  oblique  is  mainly  in  relation  with  the 
ampullary  receptors  of  the  8Ui>erior  and  pfjssibly  witk 
those  of  the  inferior  canal  of  the  same  side, 

8.  The  internal  rectus  is  mainly  in  relation  with  the 
ampullary  receptors  of  the  horizontal  canal  of  the  same 
side,  though  the  part  of  the  third  nerve  nucleus  governing 
its  associated  movement  with  the  ext-ernal  rectus  may,  on 
account  of  t!ie  partial  decussation  within  the  nucleus  l)e 
in  relation  with  the  horizontal  canal  of  the  opposite  side, 
i.e.,  the  muscle  and  the  origin  of  its  motor  neurones  are 
on  opposite  sides  of  the  median  line. 

4.  The  inferior  oblique  is  mainl^y  in  rehition  with  the 
ampullary  receptors  of  the  superior  and  posterior  canals 
of  the  opjjosite  side. 

5,  The  superior  and  inferior  recti,  as  well  as  the  leva- 
tores  palpebrarum  and  part  of  the  orbiculares  palpebrarum, 
act  ayncjironously  on  both  sides  of   the  body,  and  arQ 
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therefore  in  relation  with  the  receptorei  of  theeemicircxilar 
caimlH  of  bctth  sides,  the  superior  recti  and  the  levatoree 
palpebramm  being  in  relation  with  the  superior  eemicir- 
cular  canala,  whilst  the  inferior  recti  and  the  orhicnlares 
are  in  relation  with  the  posterior  canals.  The  relations 
between  the  nuclei  of  the  HI,  VII,  and  XTI  nerves  have 
already  been  discnesed.  These  bilaterfil  connections  are 
affected  through  the  median  portion  of  the  third  nerve 
nucleus  or  through  the  partial  decussation  that  occurs 
within  the  nucleus,  since  some  anatomists  (Tsuchida^*) 
have  fecently  denied  the  existence  of  a  well-marked  un- 
paired central  nucleus  as  described  by  Perlia  and  appar- 
ently sustained  by  the  observations  of  Starr  and  those  of 
KahJerand  Pick^si 

It  should  be  noted  that  the  siipt^rior  oblique  of  one  eye 
is  associated  with  the  inferior  obliqne  of  the  opposite  eye 
in  the  mechanism  of  rotary  nj^stagmus. 

The  associations  of  the  ocular  muscles  above  enumer- 
ated arc  based  on  numerous  obeen^ations  of  the  nystagmic 
movements  that  accompany  rotations,  aural  irrigations 
and  galvanism.  In  the  light  of  these  associations  the 
phenomena  that  follow  section  of  the  vestibular  nerve,  in 
the  sheep  for  instance,  as  done  by  Biehl,'^'  are  readily  ex- 
plained. Thus,  in  section  of  the  right  vestibular  nerve 
the  right  eye  was  turned  downward  and  outward,  whilst 
the  left  was  turned  upward  and  inward.  Here  the  internal 
rectus  in  the  right  and  the  external  rectus  in  the  left  eye 
were  severed  from  tlieir  labyrinthine  receptors  through 
which  they  derived  their  reflex  tonus,  tlius  relatively  en- 
hancing the  ti>nuB  of  their  opponents  with  a  tendency  of 
the  eyes  to  deviate  in  genentil  toward  the  right.  Again 
the  right  superior  oblique  and  left  inferior  oblique  are 
severed  from  their  labyrinthine  receptors  with  consequent 
lose  of  reflex  tonus  which  relatively  enhances  the  tonus 
of  their  opponents  with  a  tendency  of  the  right  eye  to  be 
drawn  downward  as  a  whole,  by  the  right  inferior  oblique 
and  a  tendency  of  the  left  eye  to  be  drawn  upward  as  a 
whole  by  the  unopposed  action  of  the  left  superior 
oblique.  The  superior  and  inferior  recti,  as  well  as  the 
levatores  and  orbiculares  palpebrarum,  are  so  affected  that 
n(j  deviation  results  owing  to  the  fact  that  antagonistic 
muscles  ar^  equally  affected,  and  that  these  muscles  are 
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in  free  relation  with  the  Bemicircnlar  canals  of  both  sides. 
Peculiarities  in  regard  to  the  site  of  insertion  of  the  ocular 
muscles,  and  more  eepecially  of  the  oblique  muscles  and 
difficulty  in  appreciating  the  net  mechanical  result  of  the 
working  action  of  the  ocular  muscles,  as  a  whole,  have  been 
the  cause  of  much  discrepancy  in  the  nystagmus  and  de- 
viations observed  after  section  of  the  VUI  nerve  and  in 
other  exi>eriment8  uixm  the  labyrinth  and  cerebellum. 

Attempts  to  study  the  deviation  of  the  eyes  imder 
direct  irritation  of  each  separate  canal  were  made  by  De 
Cyon,  *"  Hogyes,  ^^^  Leo  '^^^  and  others,  but  owing  to  the 
twofold  element  of  the  nystagmus,  coupled,  in  some  in- 
stances, with  the  difficulty  of  confining  the  effects  of  irri- 
tation to  one  c^nal,  the  results  were  conflicting.  More- 
over, the  lahyrinthine  receptors  are  exceedingly  sensitive 
to  thermic  and  other  forms  of  stimuli,  responding  even 
to  light  (Schwartze '^") ,  De  Cyon  himself  revised  and 
corrected  his  first  findingSj  but  his  later  findings,  accord- 
ing to  Ferrier/  were  even  more  unsatisfactory  than  his 
first  ones. 

We  have  seen  that  whatever  tends  to  produce  a  current 
of  endolymph  toward  the  ampulla  of  the  horizontal  canal 
and  away  from  the  ampullse  of  the  posterior  and  superior 
canals,  causes  characteristic  primary  phenomena  by  way 
of  displacement  of  ^iie  head  in  a  certain  direction  with  nys- 
tagmus of  a  certain  type  and  direction,  whilst  in  the  ex- 
periments of  Ewald,  ^^  secondary  phenomena  of  retardation 
accompanied  manipulations  tending  to  drive  the  endo- 
lymph in  the  reverse  direction.  With  due  credit  to  Lee,  "• 
who  showed  that  the  compensatory  movements  occurring 
in  fishes  subjected  to  rotation  exactly  corres|X)nd  with 
those  caused  by  direct  irritation  of  the  canals,  the  results 
of  experiments  such  as  those  done  by  Hogj^es  on  animals, 
and  repeated  by  eiu-geons  on  the  hiunan  subject  are  always 
open  to  suspicion,  for  touching  tlie  horizontal  membra^ 
nous  camils  may  give  directly  opposite  results,  dei)ending 
on  the  direction  in  which  the  endolymph  is  forced.  Ex- 
periments like  these  are  the  chief  cause  of  the  intermina- 
l>le  discussions  upon  the  symptomatology  of  laltyrinthine 
disease  as  to  whether  the  phenomena  are  due  to  irritation 
or  deBtruction.  The  only  rational  way  to  analyze  such 
symptoms  is  to  consider  them  with  reference  to  enhanced 
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or  depi^ssed  irritability  (absolute  or  relative)  of  the  laby- 
rinthine receptors  on  either  side  of  the  body  and  in  each 
of  the  three  semicircular  canals.  With  such  characteristic 
and  definite  phenomena  as  the  normal  reactions  afford, 
little  difficulty  should  be  experienced  in  the  interpretation 
of  labyrinthine  reactions  in  diseased  conditions. 


CHAPTER  XX 

MECHANISM   OP  THE  NYSTAGMUS  OF   ROTATIONS, 
AURAL   IRRIGATIONS   AND  GALVANISM 


The  crossed  relations  of  the  semicircular  canals  to  the 
ocular  niuBclea  (excepting  the  Buperior  oblique)  and  to  the 
muscles  that  control  the  movements  of  the  head  have  been 
fully  discussed.  It  remains  to  consider  the  relations  of 
the  nuclei  of  the  nerves  supplying  these  muscles  with 
motor  influence.  For  the  sake  of  simplicity  the  ocular 
muscles  alone  shall  be  discussed  in  this  reepectj  but  the 
deductions  will  apply  equally  to  all  other  muscles  that 
receive  tonus  through  afferent  labyrinthine  impulses. 
Since  Duval  and  Lal>orde*^  found  that  irritation  of  the 
sixth  nucleus  caused  conjugate  deviation  of  the  eyes  toward 
the  side  of  stimulation,  it  was  believed  that  the  sixth 
nucleus  co-ordinated  and  controlled  the  action  of  the  ex- 
ternal rectus  of  the  same  side  and  of  the  internal  rectus  of 
the  opposite  side.  This  necessitated  a  connecting  link 
between  the  sixth  nucleus  of  one  side  and  that  part  of  the 
third  nucleus  controlling  the  action  of  the  internal  rectus 
of  the  opposite  side.  The  ix>gterior  longitudinal  fasciculus 
afforded  an  easy  way  of  counnunicMion,  and  it  was  as- 
sumed that  fibres  passed  froin  the  sixth  nucleus  by  way  of 
the  posterior  longitudinal  fasciculus  to  the  nucleus  of  the 
third  nerve  of  the  opposite  side,  Schafer,  ^^  however^ 
denies  that  any  fibres  pass  from  the  VI  or  III  nucleus  to 
the  XMsterior  longitudinal  fasciculus.  A  little  considera- 
tion Buttices  to  convince  one  that  if  the  sixth  nucleus  con- 
trols the  conjugate  deviHtion  of  the  eyes,  some  other  nu- 
cleus must  control  the  combined  action  of  the  muscles  that 
cause  t]ie  characteristic  displacement  of  the  head  which 
accompanies  the  conjugate  deviation  of  the  eyes.  Still 
further  consideration  will  convince  that  yet  another  centre 
must  Ije  assumed  to  control  the  inovemente  of  the  head 
and  eyes  so  that  they  shall  act  in  hannony.     Without 
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further  discuss  ion  it  may  be  stated  that  whiht  minor  cen- 
tres and  groups  of  centres  in  the  cord  or  elsewhere  have 
certain  co-ordinating  powers  of  an  order  adapted  to  certain 
nt^eds  and  iisos,  the  higlierand  more  complex  adjustments 
are  not  secured  by  individual  lower  motor  centres^  but 
these  latter  act  in  obedience  to  higher  co-ordinating  cen- 
tres variously  Bituated,  but  chiefly,  though  not  exclusively, 
in  the  cerebellum.  In  seeking  the  neiTous  mechauisra  ojf 
nystagmus,  therefore,  we  are  at  once  directed  not  to  the 
vestibular  nucleus  of  reception  or  any  single  motor  nucleus 
in  the  medulla  or  elsewhere^  but  to  the  cerebellum.  The 
work  of  Ferrier,  *  tc^o  much  neglected  by  those  who  have 
made  studies  of  the  seniicireuhir  canals,  throws  much 
light  upon  tliis  phase  of  the  subject.  Ferrier  studied  the 
deviations  of  the  eyes  in  the  monkey  and  found  as  follows: 

1.  Electrical  stimulation  of  the  anterior  portion  of  the 
middle  lobe  of  the  cerebellum  causnd  the  animal  to  throw 
the  head  backward.  This  was  accompanied  by  an  upward 
deviation  of  the  eyeballs  toward  the  vertex, 

2.  Electrical  stimulation  of  the  posterior  portion  or 
declivity  of  the  upper  vermis  caused  the  head  to  be  dis- 
placed forward  and  downward  toward  the  chest,  which  waa 
associated  with  a  deviation  of  the  eyes  downward.  Stim- 
ulation of  the  cerebellum  caused  contraction  of  the  pupils, 
especially  marked  upon  the  side  of  stimulation. 

3.  Irritatirm  of  the  posterior  superior  lolies  upon  the 
left  of  the  median  line  aiused  displacement  of  the  head 
upward  and  to  the  left,  both  ayes  turning  upward  and  to 
the  left. 

4.  Irritation  of  the  posterior  superior  lobes  upon  the 
right  of  the  median  line  caused  upward  displacement  of 
the  head  toward  the  right,  with  a  corresponding  displace- 
ment of  the  e3"es  upward  and  to  the  right. 

6.  Irritation  tfj  the  left  or  right  of  the  pyramid  of  the 
middle  lolje  (pyramis  vermis)  caused  both  eyes  to  deviate 
to  the  left  or  right  respectively. 

6.  Irritation  of  the  posterior  extremity  of  the  upper 
vermiform  process  (declive  monticuli)  caused  both  eyes 
to  deviat£^  straight  downward  with  the  electrodes  upon  the 
middle  of  this  process.  With  the  electrodes  to  the  left  or 
right  of  this  pr(x^ess  the  eyes  deviated  downward  and  to 
the  left  and  right  respectively. 
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6,  Left  lateral  lobe,  anterior  lobule. 
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2.  Median  lobe,  left  curve. 
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4.  Upper  vermiform  process,  posterior  end  of 
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6.  Upper  vermiform  process,  posterior  end  of 
declive  to  right  of  midline. 
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7.  Irritation  of  the  upi>er  vennifomi  process  at  ita 
anterior  extremity  (nioiiticulus  cerebelli)  (a)  in  tlie  mid- 
dle line  caused  }>otb  eyes  to  deviate  directly  upward;  (b) 
on  the  left  by  the  median  line  caused  both  eyes  to  deviate 
diagonally  upward  and  U*  the  left  without  rotation;  (c)  to 
the  right  of  the  median  line  caused  both  eyes  to  deviate 
upward  and  to  the  right. 

8.  Irritation  of  the  lateral  lob©  (semilunar  lobule)  (a) 
upon  the  left  caused  both  eyes  to  deviate  upward  and  to 
rotate  to  the  left  (with  the  watch) ;  (b)  upon  the  right 
caused  both  eyes  to  deviate  upward  and  to  rotate  toward 
the  right  (against  the  watch). 

9.  Irritjition   of  the   flocculus   caused   both    eyes   to 
rotate  upon  their  antero-posterior  axes- 
Experimenting  with  rabbitSj  Ferrier  found: 

1.  Irritation  of  the  upper  and  back  portion  of  the 
middle  lobe  of  the  cerebellum  caused  horizontal  deviation 
of  the  eyes  Uy  the  right,  whilst  irritation  of  the  middle 
and  low^er  part  caused  deviation  of  the  eyes  to  the  left. 
I  2.  In  tlie  left  lateral  lobe  irritation  (a)  of  the  upper 
lobule  caused  deviation  of  the  left  eye  upward,  with  inward 
rotation,  i.e.,  against  the  watch,  and  downward  deviation 
of  the  right  eye  with  outward  rotation  (i.e.^  against  the 
watch)  ;  (b)  of  the  middle  lobulo  amsed  upward  deviation 
of  the  left  eye  with  outw^ard  rotation  (witJi  the  watch),  and 
downward  deviation  of  the  right  eye  with  inward  rotation 
(with  the  watch) ;  (c)  of  the  lower  lobule  caused  both 
eyes  to  rotate  to  the  right  (i.e.,  against  the  watch)  up3n 
the  antero-jTOsterior  axes;  (d)  of  the  anterior  lobule 
caused  rotation  of  both  eyes  upon  the  antero-posterior  axes 
toward  the  left  (i.e.,  with  the  watch). 

S.  Irritation  of  the  anterior  part  of  the  cerebellum 
caused  l>oth  eyes  to  deviate  upward,  followed  by  vertical 
nystagmus. 

In  these  experiments  Ferrier  also  noted  protrusion  of 
the  eyeballs,  increased  convexity  of  the  cornea,  dilatation 
of  the  nostrils,  movements  of  the  limbs  upon  the  side  of 
irritation,  and  twitching  of  the  ears. 

In  doga  Ferrier  found: 

1.  Irritation  to  the  left  or  right  of  the  pyramid  caused 
deviatiun  of  the  eyes  to  the  left  and  right  respectively. 

2.  Irritation  of  the  upper  vermiform  process,  posterior 
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extremity  of  the  declive :  (a)  in  the  middle  line  caused 
both  eyes  to  deviate  downward;  (b)  on  the  left  of  the 
middle  line  caused  both  eyes  to  deviate  downward  and  to 
the  left;  (c)  on  the  right  of  the  median  line  caused  both 
eyes  to  deviate  downward  and  to  the  right. 

3.  Irritation  of  the  lateral  lobe,  posterior  superior  lobe, 
on  the  right  side  caused  both  eyes  to  deviate  upward  and 
to  the  right,  with  rotation  upon  their  antero-posterior  axes 
to  the  right  (against  the  watch). 

4,  Irritation  of  the  flocculus  region  caused  rotation  of 
both  eyes  on  the  antero-posterior  axes,  sometimes  tt>  the 
right  and  sometimes  to  the  left  (i.e.,  against  and  with 
the  ivatch) . 

In  cats  Ferrier  found : 

1.  Irritation  of  the  median  lobe:  (a)  right  curve, 
caused  horizontal  deviation  to  the  right;  (b)  left  curve, 
caused  horizontal  deviation  to  the  left. 

2.  I rritation  of  the  upper  verm i form  process — posterior 
extremity  of  the  declive:  (a)  in  the  middle  caused  both 
eyes  to  deviate  downward;  (b)  to  the  left  caused  both  eyes 
to  deviate  downward  and  to  the  left;  (e)  to  the  right 
caused  deviation  of  Ixith  eyes  downward  and  to  the  right. 

3.  Irritfition  of  the  lateml  lobe — postero-superior  lobule 
at  various  points:  (a)  on  the  left  caused  deviation  of  both 
eyes  upward  and  to  the  left;  (b)  on  the  right  caused  devi- 
ation of  both  eyes  upward  and  to  the  right. 

In  addition  to  the  foregoing,  irritiition  of  the  left  side 
of  the  cerel:>elluni  caused  the  left  pupil  to  contract,  and 
threw  the  left  limbs  intr^  action. 

In  pigeons  Ferrier  found  no  especial  movementja  of  the 
eyes  upon  irritation  of  the  cerebellum,  but  irritation  of 
the  right  or  left  side  of  the  cerebellum  caused  the  head  to 
be  jeiked  back  and  t<:>ward  the  side  stimulated,  and  fre- 
quently the  leg  of  the  same  side  was  brought  up  and  the 
wing  flapped . 

With  such  an  array  of  facts  from  bo  reliable  an  ob- 
server, the  co-ordinating  power  attributed  to  the  sixth 
nucleus  lapses  into  insignilicance,  and  it  becomes  at  once 
apparent  that  the  connections  between  the  semicircular 
canals  on  the  one  hand,  and  the  motor  nuclei  of  the  ocular 
and  other  inusclee  are  mainly  indirect  and  effected  by 
paths  that  traverse  the  various  portions  of  the  cerebellium. 
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And  since  each  half  of  the  cerebenura  is  raainly  related  to 
the  musculature  of  the  homolateral  side,  whilst  the  semi- 
circular canals,  as  has  been  already  ehown,  are  related 
chiefly  to  the  musculature  of  the  contralateral  side,  it 
follows  that  the  connection  between  tlie  semicircular  canals 
and  the  cerebellum  is  functionally  in  the  main  a  crossed 
one.  That  it  ia  mainly  so  anatomically,  may  be  gathered 
from  a  glance  at  the  relations  of  the  various  labyrinthine 
and  othtT  fibre  paths  roughly  indicated  in  previous  chap- 
ters. The  labyrinthine  balanced  mechanisms  which  have 
been  shown  to  exist,  act  chiefly  throngh  the  medium  of 
the  cerebellum  and  the  nystagniiiB,  and  disturbances  of 
equilibrium  consequent  upon  rotations,  aural  irrigations 
and  galvanif;m  are  produced  by  enhancement  or  inhibition 
(depression)  of  one  or  other  of  the  elements  of  these  bal- 
anced mechanisms.  Thus  horizontal  nystagmus  to  the 
right  in  cold  aural  irrigation  of  the  left  ear  is  caused  by 
depression  or  increased  threshold  value  in  the  ampuHary 
receptors  of  the  left  horizontal  canal  which  causes  a  rela- 
tive enhancement  or  lowered  threshold  value  in  the  anta- 
gonistic ampuUary  receptors  of  the  right  horizontal  canal, 
whereby  the  n(jrmal  afferent  tonus  impulses  of  the  latter 
acquire  an  abnormal  relative  value  which  is  tantamount 
to  stimulation  of  that  portion  of  the  cerebellum  on  the 
oppoeit<i  (left)  side  which  receives  them.  This  causes  a 
steady  deviation  of  the  eyes  to  the  left  in  the  horizontal 
plane  an  in  irritation  to  the  left  of  the  pyramid  of  the 
middle  lobe  of  the  cerebellum  by  Ferrier.  When,  how- 
ever, the  eyt^balls  have  reached  a  certain  df^gree  of  devia- 
tion to  the  left,  the  muscles  causing  the  deviation  relax, 
giving  way  tt>  the  action  of  their  antagonists.  These 
latter  by  a  series  of  rapi<l  clonic  contractions  pull  the  eyes 
in  jerks  from  left  to  right  for  a  certain  distance  when  the 
eyes  once  more  begin  moving  toward  the  left  under  t<jnic 
WL'li  co-ordinated  contractions  of  the  governing  muscles. 
During  the  steady  deviation  of  the  eyes  to  the  left,  exe- 
cuted by  the  left  ext(>rnal  rectus  and  the  right  internal 
rectus  acting  conjointly,  the  opponents  of  these  muscles 
are  in  a  state  of  inhibition  (n^riprtjcal  innervation),  such 
as  6herringt<in  ^^^  has  demonstrated  for  ocular  movements 
oriifinating  in  the  cerebral  cortex.  In  Sherrington's  ex- 
periments the  inhibition  was  dependent  upon  lower  cen- 
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tres  since  it  could  be  elicited  after  removal  of  the  frontal 
and  occipital  areas.  Sherrington  *^  showed  tlmt  inhibition 
is  *  'part  and  parceP '  of  the  reflex  action.  The  site  of  inhi- 
bition in  the  simple  spinal  reflex  ie  central,  that  is,  some- 
where in  the  grey  matter,  probably  at  the  ultimate  sjmapse 
between  the  afterent  and  efferent  (motor)  neurones.  In 
reactions  from  irritation  of  the  motor  cortex  the  seat  of 
inhibition  lies  probably  at  their  confluence  upon  the  motor 
neurone,  i.e.,  at  the  ultimate  synapse.  It  is  likely,  how- 
ever, that  in  other  fields  of  action  one  cortical  element 
inhibits  another  (Sherrington^),  In  the  reflex  compen- 
sations incidental  to  equilibration  in  man,  the  commence- 
ment of  the  final  common  path  is,  as  we  have  seen,  located 
at  centres  higher  than  the  spinal  neurones,  e.g.,  in  centres 
located  in  the  cerebellum,  midbrain,  or  pons.  The  com- 
mencement of  the  final  common  paths  for  the  movements 
of  nystagmus  are  probably  locnted  in  the  cerebeUmn. 
Nystagmus  has  seldom  been  elicited  from  the  cerebral  cor- 
tex (Beevor  and  Horsley*").  This,  however,  does  not 
mean  that  paths  do  not  originate  in  the  cerebral  cortex, 
which,  if  irritated  are  capable  of  causing  nystagmus,  for 
there  are  free  communications  between  the  cerebral  cortex 
and  the  cerebellar  centres. 

Nystagmus  is  a  highly  co-ordinated  complex  residting 
from  associated  alternating  reflexes.  Sherrintgon  *^  showed 
that  in  such  alternating  reflexes  the  antecedent  reflex 
^* brings  about  the  stimulus  for  the  next  reflex,"  and 
predisposes  the  arc  of  the  next  reflex  to  react  to  the 
stimulus  when  it  arrives.  In  other  words  at  the  com- 
mencement of  the  final  common  path  of  the  succeeding 
reflex  the  threshold  for  afferent  impulses  is  lowered  during 
inliibition.  In  horizontal  nystagmus,  therefore,  during 
the  steady  deviation  of  the  eyes  to  the  left,  preparation 
is  being  made  for  the  succeeding  reflex  movements 
whereby  the  eyeballs  are  turned  rapidly  toward  the  right. 
Inhibition  plays  an  important  part  in  this  preparation, 
although  afferf-nt  impulses,  pspecially  those  generated  in 
the  receptors  of  the  labyrinth  and  of  the  ocular  muscles 
(and  in  the  retinal  receptors  in  purely  ocular  nystagmus) 
are  the  immediate  determining  factor  in  initiating  the 
movements.  Inhibition^  it  shoxild  he  remembered,  does 
not  always  reduce  the  contraction  of  the  inhibited  T^owsRXi^ 


296 


SEMICIRCULAR  CANALS 


to  zero.  ThiB  lower  grade  of  contraction  in  the  muBcles^ 
plavB  an  important  part  in  physiological  nystagmus,  as 
it  does  elsewhere  in  the  muscular  mechanisms  of  the 
body.  Inhibition  may  give  place  to  excitation,  owing  to 
a  change  of  intraspinal  conditions.  Thus,  Btimuiation 
of  a  email  afferent  nerve  often  excites  a  reflex  movement 
of  alternating  direction,  i.e.,  extension  of  the  knee 
Bucceeds  primary  flexion.  Here  part  of  the  primary 
movement  was  inhibition  of  the  quadriceps  extensor,  and 
this  was  converted  into  extension  of  the  knee,  i.e.,  excita- 
tory action  of  the  quadriceps  extensor,  A  similar  conver- 
sion occurs  in  strychnin  poisoning,  as  well  as  under  the 
influence  of  cerebral  action  (Sherrington^"). 

In  purely  ocular  nystagmus,  e.g.,  that  by  means  of 
which  a  person  sitting  or  standing  still  is  enabled  to  fix 
visually,  rapidly  passing  objects,  alternating  reflexes  are 
utilized  just  as  in  the  case  of  labyrinthine  nystagmus,  but 
in  purely  ocular  nystagmus,  stimuli  originating  in  the  re- 
tinal receptors  are  the  active  factors  in  detennining  the 
nystagmus.  The  afferent  retinal  paths  are  in  relation 
with  the  same  final  common  paths  utilized  by  the  laby- 
rinthine receptors.  Frequently  the  labyrinthine  and  re- 
tinal arcs  act  as  allied  arcs,  as  where  a  person  standing  or 
sitting  still,  views  rapidly  passing  objects.  Here  a  quick 
turn  of  the  head  in  the  direction  opposite  to  that  of  the 
passing  objecta  initiates  nystagmus  similar  in  every  re- 
spect and  serving  the  same  purpose  as  that  evoked  by  the 
retinal  receptors.  The  relation  of  alliance  between  the 
labyrinthine  and  retinal  arcs  is  further  manifested  by  the 
deterioration  in  function  which  the  labyrinthine  mechan- 
ism of  nystagmus  undergrjes  in  persons  suffering  from 
complete  optic  atrophy.  In  several  of  these  patients  with 
good  hearing  and  good  powers  of  balancing,  nystagmus 
could  not  be  evoked  by  aural  irrigations  at  115°  F.,  al- 
though some  disturbance  of  the  equilibrium  with  devia- 
tion in  the  gait  was  eff*3Cted.  Failure  to  evoke  nystagmua 
was  all  the  more  remarkable  in  these  cases,  as  the  patients 
were  comparatively  young,  e.g.,  from  forty  to  forty-five 
years. 

Every  reflex  is  purposive  (Sherrington) ,  and  the  two 
sets  of  reflex  movements  that  occur  in  nystagmus  have  evi- 
dently a  purposive  quality.     Thus  the  *  *  short  movements' ' 


which  give  direction  to  the  nystagmus  are  executed  by 
means  of  clonic  contractions  of  such  rapidity  that  vision 
is  impossible  during  their  progress.  On  the  other  hand 
the  slow  movements  are  executed  under  tonic  contractions 
so  co-ordinated  that  photo  stimuli  have  time  to  affect  the 
retinal  receptors.  If  time  were  allowed  for  the  generation 
of  retinal  impulses  during  the  rapid  raovements  of  nystag- 
mus, clear  continuous  vision  of  moving  objects  would  be 
an  impossibility.  Further  security  from  such  a  difficulty 
is  afforded  by  frequent  rapid  interruption  of  the  movement 
of  the  eyes  under  the  influence  of  the  short  Jerks.  Hence 
the  latter  consist  of  clonic  contractions  frequently  inter- 
rupted by  slow  movements  of  short  duration  and  in  the 
opposite  direction.  Thus  even  in  the  excursions  of  the 
eyes  with  the  rapid  elements,  there  are  short  int^ermissions 
during  which  vision  is  possible.  These  intermissions 
avoid  the  confusion  and  possible  disorientation  that  might 
ensue  from  a  lapse  in  the  continuity  of  %^ision.  The  asso- 
ciated movements  of  the  head  and  upper  part  of  tlie  body 
may  be  similarly  accounted  for  by  the  reciprocal  innerva- 
tion that  obtains  upon  a  large  scale  between  wide  fields  of 
musculature  related  to  opposing  labyrinthine  receptors. 
The  commencement  of  the  final  common  paths  for  the  re- 
flexes involved  in  these  movements  are  situated  most 
probably  in  tlie  cerebellum  or  midbrain.  It  seems  that 
m  extensive  movements  of  equilibration  reciprocal  innerva- 
tion  obtains  between  each  half  of  the  cerebellum,  so  that 
the  centres  in  one  half  are  inhibited  when  those  in  the 
opposite  half  are  stimulated,  and  vice  versa.  Later  we 
shall  see  that  there  is  reason  to  believe  that  centres  in  the 
cerebellum  and  midbrain  are  similarly  related  to  centres 
in  the  diencephalon  with  regard  to  certain  gross  movements 
of  station  and  progression. 

The  paths  along  which  impulses  controlling  the  move- 
ments of  the  eyes  travel  are  variously  spread.  The  affer- 
ent labyrinthine  connections  with  the  cerebellum  have  been 
traced  more  or  less  successfully,  and  the  relations  have  been 
found  to  be  in  the  main  crossed.  With  the  efferent  cere- 
bellar paths,  anatomists  have  not  been  so  successful. 
Many  observations  point  to  the  posterior  longitudinal  fas- 
ciculus as  carrying  numerous  efferent  cerel>ollar  paths. 
The  observations  of  Duval  and  Laborde  **  point  to  the  fact 
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that  the  fibres  of  the  posterior  longitudinal  fasciculus 
connect  the  third  with  the  sixth  nucleiiB  of  the  same  side, 
Bechberew  holds  that  the  fibres  to  the  sixth  nuclenB  are 
the  continuations  of  thoBe  from  the  cerebellum  to  the 
superior  olivary  nucleus,  and  Schafer  ^  denies  that  any 
fibres  pasB  from  the  sixth  or  third  nucleus  to  the  posterior 
longitudinal  fasciculus.  The  conjugate  deviation  of  the 
eyes  that  occurs  on  stimulation  of  the  sixth  nucleus  is  to 
be  accounted  for  by  stimulation  of  paths  for  associated 
movements,  and  is  not  to  be  regarded  as  an  indication  of 
the  impoi-tance  of  this  centre  over  other  ociilar  centres  in 
the  production  of  nystagmus.  There  are  numerous  other 
forms  of  ocular  deviations  the  most  rational  explanation 
of  which  seems  to  be  that  based  upon  the  vestibulo-cere- 
bellar  relations  described  in  these  chapters. 

The  afferent  paths  of  the  vestibular  apparatus,  in  so 
far  as  they  relate  to  tiie  complex  muscular  actions  con- 
cerned in  equilibration  with  the  associated  nystagmus  and 
other  adjustnients,  are  mainly  related  directly  or  indirectly 
to  the  cerebellum.  It  has  been  seen  that  vestibular  fibres 
or  their  continuations  reach  other  structures.  Thus  the 
vestibular  apparatus  is  brought  into  relation  with  the  op- 
tie  thalamus,  the  corpora  quadrigeraina  and  perhaps  the 
auditory  cortex,  as  well  as  with  the  nuclei  of  other  nerves 
of  higher  and  lower  levels.  Such  connections  may  supply 
direct  paths  for  certain  co-ordinations,  yet  these  latter  are 
of  minor  importance  compared  with  those  requisite  for 
the  maintenance  of  equilibrium  which  are  carried  on 
mainly  under  cerebellar  influence.  The  connections  of 
the  labyrinth  (vestibular  nerve)  with  the  cerebellum  are 
established  as  follows : 

1,  By  paths^  interrupted  in  the  vestibular  nuclei  (in- 
cluding De iters'),  to  the  roof  nucleus  (nucleus  fastigii) 
mainly  of  the  opposite  side. 

2.  By  way  of  the  veetibuloolivo-cerebellar  tract,  i.e., 
after  interruption  in  Deiters'  nucleus  (or  perhaps  some 
fibres  pass  without  interruption)  to  the  inferior  olive  of 
the  same  side  across  to  the  olive  of  the  opposite  side,  and 
thence  through  the  restiform  body  to  the  cerebellum. 

These  vestibular  relations  with  the  cerebellum  are 
mainly  crossed.  Thus  far  we  have  traced  the  afferent 
labyrinthine  impulBesthat  cause  nystagmus  and  disorders 


of  eqtiilibritim  in  rotatione,  etc.,  to  the  opposite  half  of 
the  cerebellum,  stimulation  of  the  different  areas  of  which, 
in  the  region  of  the  central  lobe,  causes  phenomena  iden- 
tical with  those  that  are  produced  by  rotations,  aui-al  irri- 
gations, and  galvanism.  The  efferent  paths  along  which 
cerebellar  impulees  travel  to  impress  the  various  motor 
neurones  are  so  scattered  that  anatomists  have  not  been 
eo  successful  in  tracing  them  as  they  have  been  in  the  case 
of  the  afferent  paths.  This,  however,  in  no  way  gainsays 
the  existence  of  such  connections.  These  efferent  paths 
are  therefore  grouped  with  the  undefined  paths  which  in- 
clude r  (a)  fibres  from  the  cerebellum  to  the  posterior 
longitudiiial  fasciculus  and  thence  to  other  centres  and 
especially  to  the  ocular  nuclei ;  (b)  fibres  to  the  cerel^ml 
cortex  as  well  as  to  the  various  centres  in  the  midbrain, 
pons,  medulla  and  cord  which  insure  co-ordinated  action 
of  ocular,  skeletal,  and  perhaps  visceral  muscles,  as  well  as 
of  the  great  centres  in  the  medulla,  viz. ,  vagus,  vaeo-motor, 
jespiratory,  etc. 

In  a  general  way  the  efferent  cerebellar  impulses  are 
distributed  to  the  motor  centres  situated  u^pon  the  same 
side  of  the  body.  In  the  case  of  eye  movements,  as  in 
horizontal  nystagmus  to  the  left,  the  slow  steady  move- 
ment is  caused  by  stimulation  (relative  or  absolute)  of  the 
area  situated  on  the  left  of  the  pyramid  of  the  middle  lobe 
whence  Lmpulses  are  sent  by  way  of  the  posterior  longi- 
tudinal fasciculus  or  other  paths  to  the  sixth  nucleus  of 
the  same  side  and  simultaneously  io  the  group  of  cells  in 
the  third  nucleus  that  controls  the  internal  rectus  of  the 
opposite  side.  Coincident  with  this  stimulation  of  the 
area  on  the  left  of  the  pyramid  of  the  middle  lobe  there 
is  active  inhibition  of  the  mechanisms  controlling  hori- 
zontal eye-movements  toward  the  right.  The  site  of  this 
inhibition  is  at  or  near  the  commencement  of  the  final 
common  path,  most  probably  situated  in  this  instance  in 
the  corresponding  cerebellar  centres  to  the  riglit  of  the 
pyramid  of  the  middle  lobe.  The  impulses  causing  the 
inhibition  pass  by  collaterals  or  main  stems  from  the  af- 
ferent cerebellar  (vestibular,  ete.)  paths  that  join  the 
corresponding  cerebellar  centres  upon  the  left  side.  The 
chief  reason  for  thus  setting  up  the  cerebellar  ocular  cen- 
iffea  of  one  eide  in  reciprocal  relation  with  the  corresgondr 
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ing  centms  ii]X7n  the  other  side  are  eiipplied  by  the  phe- 
nomena ol^Berved  in  bilateral  aural  irrigations,  where  there 
was  absence  of  horizontal  nyetagmiiSj  and  in  rotations  fol- 
lowing cold  aural  irrigationSj  where  there  was  likewise  a 
similar  absence  of  horizontal  nyetagmue.  This  view  is 
strengthened  by  the  results  following  removal  of  the  whole 
or  of  part  of  the  cerebellum.  Thus  after  removal  of  one 
lateral  lobe  of  the  cerebellum,  there  was  nystagmus  for  a 
day  or  two,  whilst  after  removal  of  the  whole  cerebellum 
there  was  no  nyatjigmus  but  only  nystagmoid  movements 
on  attempts  at  voliintarv  movements  of  the  eyes  (Risien- 
Eussoll*^). 

As  previfuiely  stated,  the  reflex  arcs  on  either  side  of 
the  body,  controlling  the  movements  of  horizontal  nystag- 
mus, function  in  an  alternating  manner  so  that  during  the 
perii>d  of  inhibition  the  threshold  value  is  lowered  at  the 
commencement  of  the  final  common  path  on  the  inhibited 
aide.  After  a  time  the  lowered  threshold  value,  aided 
probably  by  summation  of  subminimal  afferent  labyrin- 
thine, retinal,  or  other  stimuli,  results  in  conversion  of  the 
inhibition  into  excitation  with  a  corresponding  conversion 
of  excitation  into  inhibition  at  the  commencement  of  the 
corresponding  final  common  path  on  the  opposite  side. 
Thus  nystagmus  has  its  foundation  in  alte^mating  reflexes  I 
which,  when  once  initiated,  tend  to  continue  as  each  re- 
flex prepares  the  way  for  its  successor.  Alternating  re- 
flexes are^  however,  cut  short  with  ease,  hence  voluntary 
fixation  of  the  eyes  tends  to  check  nystagmus.  This  is 
especially  the  case  where  the  eyes  are  strongly  deviated  to 
the  side  toward  which  the  slow  elements  are  directed. 
The  reason  why  turning  the  eye^  voluntarily  to  this  side 
is  so  effective  in  checking  nystagmus  rests  upon  the  fact 
that  voluntary  fixation  is  more  readily  affected  in  this 
iwsition  owing  to  the  incn^asedcereljcllar  tonus  upon  that 
side  which  acts  as  adjuvant  to  the  impulses  from  the  motor  I 
cortex  of  the  opposite  side.  An  additional  reason  is 
found  also,  perhaps,  in  cerebral  influence  which,  like 
strychnin  poisoning,  can  convert,  inhibition  into  excita- 
tion in  the  spina!  motor  neurones  (Sherrington"). 

In  vertical  nystagmus  toward  the  feet  the  anterior  por- 
tion of  the  middle  lobe  is  stimulated  (relatively  or  abso- 
lutely) ,  with  th^  result  that  the  eyes  are  drawn  steadily 


toward  the  vertex.  When  this  excursion  has  been  com- 
pleted, the  alternating  return  movement  toward  the  feet  is 
executed  in  jerks,  owing  to  influences,  similar  to  those 
described  for  horizontal  nystagmus,  affecting  the  posterior 
portion  of  the  middle  lobe  in  which  are  located  the  centres 
for  drawing  the  eyes  toward  the  feet.  It  is  thoa  seen  that 
rotations  in  the  mesial  plane  "face  first"  and  hot  bilateral 
aural  irrigations  have  the  same  effect  as  stimulation  of  the 
anterior  portion  of  the  middle  lobe  of  the  cerebellum, 
whilst  rotations  in  the  mesial  plane  "occiput  first"  and 
cold  bilateral  aural  irrigations  have  the  same  effect  as 
stimulation  of  the  posterior  part  of  the  middle  lobe,  la 
vertical  nystagmus,  the  efferent  cerebellar  impulses  reach 
the  nuclear  group  on  either  side  of  the  middle  line  con- 
trolling  the  muscles  involved  in  the  movements . 

In  rotary  nystagmus  the  cerebellar  areas  affected  are 
located  in  the  region  of  the  flocculus  and  lateral  lobe 
(semilunar  lobule).  In  rotary  nystagmus  against  the 
watch  the  efferent  impulses  controlling  the  slow  element 
are  sent  to  the  fourth  nucleus  on  the  left  side  which,  on 
account  of  the  decussation  of  the  fourth  nerve,  supplies 
the  right  superior  oblique.  At  the  same  time  correspcjnd- 
ing  impulses  are  sent  to  the  group  of  cells  in  the  third 
nucleus  controlling  the  left  inferior  oblique.  When  the 
excursion  in  the  direction  of  the  hands  of  the  watch  has 
been  completed  under  the  influence  of  stimulation  of  some 
area  in  the  region  of  the  flocculus  or  lateral  lobe  (semilunar 
lobule),  the  return  movement  in  the  direction  against  the 
hands  of  the  watch  is  made  in  rapid  jerks  owing  to  influ- 
ences, similar  to  those  described  for  horizontal  nystagmus, 
affecting  analogous  areas  in  the  flocculus  or  lateral  lobe 
ujK>n  the  opposite  side  which  control  the  muscles  im^olved 
in  the  movenientj  i.e.,  the  left  superior  oblique  and  the 
right  inferior  oV>lique. 

It  may  l>e  noted  that  the  direction  of  the  movements 
of  the  eyes  in  rotary  nystagmus  is,  at  times,  difficult  to 
determine,  for  frequently  the  jerky  motions  are  slow  enough 
to  permit  actual  vision  and  strongly  turning  the  eyes  in 
one  direction  or  another  may  bo  alt^r  the  movement  that 
study  with  the  ophthalmoscope  becomes  difficult  or  fruit- 


The  efferent  cerebellar  paths  involved  in  vertical  and 
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rotary  nystagraus  probably  pass  by  way  of  the  superior 
peduncle  and  posterior  longitudinal  faecieulus.  It  is  not 
necessary,  as  Schafer  seems  to  think,  that  the  fibre  paths 
of  the  posterior  longitudinal  fasciculus  be  traced  outward 
from  the  motor  nucleus  toward  the  muscle.  It  is  suffi- 
cient if  the  fibres  reach  the  nucleus  and  impress  the  motor 
neurcmes. 

The  flexible  mobility  of  the  eye  is  such  that  deviations 
and  rotations  can  take  place  to  a  limited  extent  in  almost 
every  conceivable  direction.  It  is,  therefore,  highly  prob- 
able that  whilst^  in  the  main,  the  ampullaiy  receptors  of 
each  semicircular  canal  are  chiefly  affect-ed  by  rotations  in 
one  plane,  they  are  also  to  a  lesser  extent  perliaps  affected 
by  movements  in  several  other  planes,  each  of  which  in 
turn  is  associated  with  definite  cerebellar  centres  for  ocu- 
lar tonus  control.  The  grounds  for  tliis  assumption  are 
to  be  found  in  the  diagonal  deviations  in  Ferrier's  experi- 
ments on  stimulating  certain  cerebellar  areas,  e.g.,  to  the 
left  of  the  middle  line  in  jjoeterior  superior  lobes,  and  in 
the  diagonal  nystagmus  noted  upon  rotations  in  diagonal 
planes,  traces  of  which  are  occasionally  met  with  in  aural 
irrigations  and  in  galvanism. 

The  cerebellar  balanced  mechanisms  are  so  related  to 
the  cerebral  mechanisms  that  each  half  of  the  cerebellum 
acts  in  conjunction  with  the  opposite  cerebral  hemisphere. 
Thus  each  half  of  the  cerebellum  controls  the  muscles  that 
turn  the  eyes  in  a  certain  direction,  e.g.,  in  lateral  move- 
ments toward  the  same  side  and  inhibits  the  muscles  that 
move  the  eyes  in  the  opposite  direction-  The  centres  for 
certain  movements  (e.g.,  the  vertical)  are,  however,  not 
represented  in  one  side  of  the  cen^belhmi  as  opposed  to 
the  other,  btit  are  grouj^ed  about  the  median  lino  in  one 
portion  of  the  vermis,  whilst  the  centres  for  the  antago- 
nistic movem  en  ta  are  grouped  alxnit the  middle  line  in  an- 
other area  of  the  vermis.  The  cerebellar  mechanisms  act 
purely  in  a  reflex  manner.  Their  afferent  and  efferent 
limbs  have  widespread  connections  on  account  of  the  ex- 
tensive influence  the  cerebellum  exerts  on  various  muscu- 
lar activities. 

The  chief  afferent  cerebellar  ]>aths  are  those  related  to 
the  labyrinthine  and  retinal  receptors,  and  to  the  cerebral 
cortex,  and  the  peripheral  stnictures  concerned    in  the 


muscle  sense  (Golgi-Mazzini  organs,  etc. ) .  The  relations 
of  the  cerebeilum  to  the  labyrinth,  organs  of  muecular 
sense,  and  to  the  variouB  nuclei  of  the  sensory  nerves  have 
been  sufficiently  discussed.  The  relations  to  the  cerebral 
cortex  are  made  through  paths  that  convey  impulses  in 
both  directions.  Stimulation  of  the  frontiil  ocular  area 
Bends  impulses  to  the  opposite  half  of  the  cerehellum,  after 
the  manner  in  which  lahyri nth ine  impulses  much  the  con- 
tralateral half  of  the  cerebellum.  Probably  afferent  cere- 
bellar impulses  which  originate  in  various  parts  of  the 
cerebral  cortcix^  e.g.,  frontal^  t^:?mporal,  and  occipital,  nor- 
mally contn>l  the  related  cerebellar  mechaniBms.  The  cere- 
bral cortex  in  this  instance  acta  somewhat  after  the  man- 
ner of  sensory  peripheml  niechanisma  in  relation  to  the 
cerebellmn.  Rieien-Russell's  "**  observ^atione  seem  to  war- 
rant this  conclusion.  This  pFiysiologist  removed  part  ot 
the  frontal  ocular  areas  and  subsequently  removed  the  lat- 
eral lobe  of  the  cerebellum  on  the  same  side.  In  thia 
instance  the  last  part  of  the  operation  was  followed  by  much 
less  deviation  of  the  eyeballs  to  the  soimd  side  than 
would  be  obtained  ordinarily  by  removal  of  the  lateral 
lobe  of  the  cerebellum  alone. 

The  efferent  limbs  of  the  cerebellar  mechanisms  are 
scattered  widespread  on  their  way  to  the  different  spinal 
motor  neurones  which  they  influence.  They  cannot  there- 
fore be  readily  differentiated  auatoraically  from  the  affer- 
ent limbs.  In  a  general  way,  however ^  they  are  related 
to  the  nuiscles  upon  that  side  of  the  body  in  which  the 
cerebellar  neurones  from  which  they  spring  are  located. 

Efferent  cerebellar  paths  also  carry  impulses  to  the 
various  regions  of  the  cerebral  cortex  from  which  in  turn 
spring  afferent  cerebellar  paths.  It  is  by  means  of  these 
paths  running  in  both  directions  between  the  cerebrum 
and  the  cerelx4Ium  that  these  t^^o  organs  act  in  harmony 
in  the  complex  processes  involved  in  ocular  movements? , 
and  in  movements  of  equilibration.  Risi en-Russell,  *•*  as 
before  etatjed,  has  shown  that  the  cerebellum  exerts  a 
marked  influence  upon  the  related  centres  in  the  cerebral 
cortyex  one-sided  lesion  of  the  former  causing  increased 
irritability  in  the  opposite  cerebral  hemisphere.  Luciani, 
however,  concluded  that  excitability  was  increased  in  some 
points  and  in  others  depressed.     It  is  by  means  of  this 


functional  relation  that  the  cerebnim  ie  enabled  to  com- 
pensate most  economically  for  t<-^mporary  or  permanent 
defect  of  the  cerebi^llar  niechanisniB.  This  rektionBhip 
perhaps  accounts,  in  part,  for  the  well-known  defective 
cerebral  devolopment  which  accompanies  congenital  cere- 
bellar defects.  It  al80  seems  to  have  some  bearing  ujxvn 
the  nystagmus  and  vertigo  seen  at  times  in  patients  suffer- 
ing from  manic-depressive  psychosis,  although  in  the  only 
case  observed  by  the  author  there  was  also  present  a,  slight 
aural  defect.  In  this  case  which  was  of  the  mixed  type, 
the  probable  explanation  of  the  phenomenon  was  that  com- 
pensation for  the  defect  in  the  veatibulo-cerebellar  mechan- 
isms had  been  made  but  the  supervention  of  the  manic- 
dept^ssive  psychosis  actad  somewhat  after  the  manner  that 
ether  or  chloroform  narcosis  acts  in  dogs  in  which  com- 
pmnsation  has  been  established  aft^r  removal  of  portions 
of  the  cerebiiun  or  cerebellum,  causing  a  reappearance  of 
the  cereljellar  or  cerebral  defect.  No  opix>rt.unity  was 
afforded  of  studying  thoroughly  the  labyrinthine  reac- 
tions. 

Besides  the  nystagmus  there  were  other  signs  of  cere- 
bellar disturbance^  such  as  vomitingj  vertigo,  and  general 
muscular  weakness.  The  nystagmus  disappeared  with 
these  in  a  short,  time  (about  two  weeks)  as  the  patient  im- 
proved somewhat  in  general  mental  and  physical  health. 

The  conclusions  are: 

1.  That  nystagmus  in  rotations  is  a  co-ordinated  move- 
ment j  executed  reflexly  by  means  of  affiTcnt  labyrinthine 
impressitms  acting  u[>on  centres  situat<3d  in  and  about  the 
middle  lobe  of  the  cerebellum  and  intended  to  aid  in 
the  compensatory  adjustments  of  rotations  as  well  as  in  the 
visual  fixation  of  rapidly  passing  objects. 

2.  That  tlie  ampuUary  receptors  of  each  semicirculaj 
canal  have  definite  relations  with  certain  portions  of  the 
cerebelluni  in  the  vicinity  of  the  middle  lobe,  viz.j  the 
ampullary  receptors  of  the  left  and  right  horizontal  canals 
with  the  centres  situated  \a>  t!ie  right  and  left  respectively 
of  the  pyramid  of  the  middle  lobe  (pyramis  vermis)  ; 
those  of  the  paired  posterior  and  8Ui)erior  canals  with  the 
centres  situated  al>outthe  middle  line  of  the  posterior  and 
anterior  portions  respectively  of  the  middle  lobe ;  and  those 
of  the  superior  and  posterior  canals  taken  individually  or 
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in  crossed  pairs  with  the  centres  located  in  the  region  of 
the  flocculus  and  lateral  lobes. 

8.  That  by  means  of  these  relations  and  the  correspond- 
ing nystagmus  a  guide  may  be  had  in  localizing  peripheral 
vestibular  nerve  lesions  and  lesions  of  the  cerefc^llum. 


CHAPTER  XXI 

RELATIONS  OF  THE  SEMICIRCULAR  CANALS  TO  THE 

OCULO-MOTOR  NUCLEI  AND  THEIR  BEARING  UPON 

THE  RESULTS  OF  CERTAIN  EXPERIMENTS 


The  phenomena  following  section  of  the  vestibularis  in 
the  sheep  (Biehl  '^^)  have  already  been  Bome what  discus eed. 
It  remains  to  consider  the  ocular  phenomena  in  the  light 
of  the  relations,  just  eatablished,  of  the  semicircular  canals 
to  the  oculo-motor  nuclei.  The  crossed  relation  of  each 
labyrinth  to  the  fourth  nucleus  and  that  portion  of  tlie 
third  nucleus  governing  the  action  of  the  associated  inferior 
oblique  afford  a  ready  explanation  for  the  skew  deviation. 
A  glance  at  the  diagram  of  these  relations,  page  28S, 
shows  that  section  of  the  right  vestibular  nerve  cute  oft* 
the  afferent  vestibular  ttmus  impulses  to  the- VI  and  IV 
nuclei  on  the  left  side,  as  well  as  those  to  that  part  of 
the  III  nucleus  controlling  the  right  internal  rectus  and 
the  left  inferior  oblique.     The  effect  is: 

1.  Par&ais  of  the  left  external  rectus  and  of  the  asso- 
ciated right  internal  rectus^  causing  a  general  tendency  of 
the  eyeballs  to  turn  toward  the  right- 

2.  Paresis  of  the  right  sujjerior  and  left  inferior 
oblique,  thereby  leaving  the  eyel>all8  under  the  unopposed 
control  of  the  right  inferior  and  of  the  left  superior  oblique 
in  conjunction  with  the  right  rectus  extemus  and  the  left 
rectus  internua. 

The  net  reeult  is  that  the  right  eye  is  drawn  downward 
and  outward,  and  the  left  eye  upward  and  inward.  (See 
diagram,)  In  section  of  the  vestibular  nerve  in  the  dog, 
Bechterew  **  observed  similar  deviations  of  the  eyes.  Sec- 
tion of  both  vestibular  nerves  ciiiises  no  ocular  deviations 
— the  eyes  aBsuming  the  primary  position. 

The  recorded  phenomena  following  irritation  of  the 
vestibular  nerve  are,  for  the  most  part,  untrustworthy. 

3oa 
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The  twofold  element  of  motion  in  the  nystagmus  that  ac- 
companies irritation  of  the  vestibular  nerve  has  been  a 
source  of  confusion,  so  that  many  observers  reached  widely 
divergent  conclusions.  Hence  the  phenomena  attrilnited 
to  irritation  of  the  canals  or  of  the  divided  vestibular 
nerve  have  to  be  taken  with  extreme  caution.  In  the 
study  of  this  phase  of  the  question  it  seems  that  clinical 
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Diagram  showing  the  effect  upon  the  ocular  muscles  in  section 
of  the  right  vestibular  nerve.  The  minus  sign  indicates 
absence  of  veatibulo^cerebellar,  i.e.,  labyrinthine  tonus, 
and  the  positive  sign  indicates  a  relative  excess  of  ves- 
tibulo-cerebellar  tonus.  Ill,  IV,  and  VI  indicate  the  motor 
nuclei  of  the  eyeballs,  SO,  superior  oblique;  10,  inferior 
oblitiue  ',  IR,  internal  rectus ;  ER,  externa)  rectus ;  R£,  ri^ht 
eye ;  LE,  left  eye. 


methods  have  the  advantage  and  are  more  trustworthy 
than  those  of  the  laboratory.  This  should  be  an  omen 
and  incentive  to  the  mere  practitioner. 

Sheep  and  dogs^  in  which  the  vestibular  nerve  upon 
one  side  has  been  dividedj  endeavour  to  lie  upon  the  side 
of  operation,  for  in  this  position  the  actual  tonus  effect  of 
the  oppositti  labyrinth  is  reduced  to  a  minimum,  tbo 
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muscles  under  its  control  being  at  rest.  There  is  there- 
fore lees  net!d  for  tonus  innen'ation  from  tlie  labyrinth  on 
the  aide  of  operation.  In  this  position  the  I imbs  of  the  side 
of  operation  were  rolaxwl,  wliilst  those  of  tlie  opjwsite  side 
were  lengthened  (and  fitiff)  (Bechterew  ^^)  diiB  no  doubt 
to  cerebral  motor  influence,  ag  Sherrington  *^  uljserved 
that  lying  upon  tht^  side  tends  to  relax  (the  reflex)  tonus 
of  the  extensor  rnuHcles.  Lying  on  the  back  the  d  i  fference 
between  the  two  sides  was  less  apparent.  In  positions 
upon  the  side,  therefore,  there  is  evidence  of  some  func- 
tional activity  of  the  lajjyrinthine  mechanisms  probably 
concerned  in  si  ight  etiui  1  i  bratory  adjustments.  Th  i s  j^oint 
is  eniphaeized  in  seasickness  and  related  conditions,  where 
turning  from  the  back  upon  the  side  may  be  siiilicient  to 
determine  impending  vomiting.  When  the  animal  lying 
on  the  side  of  operation  lifted  its  head  from  the  ground 
or  made  the  slightest  movement,  nystagmus  occurred  or  if 
already  present  it  became  aggravated.  If  the  animal  re- 
covered sufficiently  to  stand  it  was  easily  pushed  over  from 
the  sound  side,  whilst  the  immediate  effects  of  the  opera- 
tion were  rolling  movements  alwut  the  long  axis  to  the 
side  of  operation.  Hence  there  w^as,  after  section  of  the 
right  vestibular  nerve  in  the  sheep,  a  weakness  or  devia- 
tion of  the  head  and  body  toward  the  side  of  operatic»n, 
with  a  tendency  ti>  rotate  in  the  same  direction  (in  man, 
from  right  to  left  and  with  a  mixed  nystagmus  the  hori- 
zontal element  being  directed  to  the  left  and  the  rotary 
element  with  the  watch,  all  of  which  correspond  exactly 
with  the  phenomena  of  cold  irrigation  of  tlie  right  ear,  or 
of  hot  irrigation  of  the  left  ear,  or  with  the  primary  phe- 
nomena of  rotiitions  about  the  long  axis  from  right  to  left 
or  the  BDcondiiry  phenomena  of  Bimilar  rotations  from  left 
to  right;  or  with  the  phenomena  that  accompany  closure 
of  the  circuit  with  the  anode  over  the  right  mastoid  or 
with  the  cathode  over  the  left  mastoid.  The  muscles 
which  execute  these  movements  are  mainly  situated  upon 
the  right  side  (i.e.,  on  the  side  of  ojieration)  and  are 
mainly  in  relation  with  the  labyrinth  of  the  opposite  side. 
Normally,  imimlses  from  each  labyrinth  countr?rbalancej 
each  other  in  the  adjustments  necessary  for  the  mainten- 
ance of  equilibrium.  Any  material  interference  with  the 
labyrinthine  receptors,  whereby  the  threshold  value  of 


etimuli  originating  normally  in  response  to  movements  or 
distpUicenients  of  equilibrium  arc;  enhanced  or  depressed 
on  one  side  or  the  other  will  cause  disturbances  gimilar  to 
those  following  section  of  the  vestibular  nerve. 

The  con.^tiiiit  tonus  effect  of  the  labyrinth  upon  the 
muscles  has  therefore  been  denionntrated.  The  crossed 
functionid  relation  lietween  the  labyrinth  and  the  muscu- 
lature of  the  opposite  side  muflt  be  adnutt-ed  (tliough 
V.  Bcchterew  denies  this),  and  Jinally,  the  evidence  seems 
overwhelming  that  "the  main  functional  and  anatomical 
relation  Isetween  the  laVjyrinth  and  the  cerebellum  is  a 
crossed  one. 

This  vif^w  of  the  crossed  relation  of  the  vestibular  ap- 
paratus receives  corroboration  from  the  results  of  various 
observ^ers .  There  i  s  anat«m  ical  and  physiological  evidence 
that  the  cerebellum  is  in  crossed  relation  with  the  cerebral 
cortex,  optic  thalamus,  red  nucleus  and  other  imjjortiint 
centres,  and  with  the  jit^ripheral  organs  for  afferent  visual, 
labyrinthine,  including  auditory,  and  perhaps  to  some  ex- 
tent, tactual,  muscular  and  other  impressions, 

Luciani*^*  and  Kisien-RusselP"*  observed  phenomena 
similar  in  general  to  tiiose  that  follow  section  of  the  ves- 
tibularis, but  with  the  movements  toward  the  sound  side 
after  ablation  of  one-half  of  the  cerebellum.  Section  of  the 
middle  cerebellar  peduncle  causes  rolling  movements 
toward  the  sound  side  (v.  Bechterew,  Schiff,  Lussana, 
Longet  and  others).  Here  it  should  be  not^xl  that  the 
afferent  middle  peduncular  paths,  i.e.,  to  the  cer^shollum, 
are  se%^ered  mainly  after  decussation^  whilst  the  efferent 
paths  of  the  pedimcle  which,  through  doulile  decussation, 
are  mainly  in  rt^lation  with  the  muscles  on  the  same  side 
of  the  b(jdy  are  cut  before  any  decussation  has  taken  place. 
The  residting  movements  are  the  same  as  those  which 
would  follow  section  of  the  same  afferent  paths  on  the 
other  Bide  of  the  Kwdy  before  decussation  ha(f  taken  place. 
In  this  latt^er  event  the  movements  would  be  toward  the 
side  of  injury  as  in  the  case  of  section  of  the  vestibularis. 
Again,  section  of  the  vestilnilar  ]>ath8,  aft-er  crossing  the 
middle  line,  if  such  a  thing  were  feasible,  would  beget 
movements  t-r>ward  the  sound  side  which  is  exactly  what 
follows  ablation  of  one-half  of  the  cerebellum.  After  sec- 
tion of  the  vestibularis,  stimulation  of  the  proximal  stump 
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caiieea  rotation  of  the  body  on  the  long  axis  toward  the 
sound  side.  This  points  to  a  relatively  enhanced  cere- 
Ix'llar  tonuB  upon  the  side  related  to  the  stimiilat-ed  stump 
and  consequent  determination  of  the  body  movements  to- 
ward that  side,  i.e.,  toward  the  sound  side. 

Section  of  the  sujjerior  cerebellar  peduncles  causes  no 
distinct  disturbances  of  equilibrium  (v.  Bechterew  ^*) . 
However,  circular,  instead  of  rolling  movements  were  ob- 
served with  lateral  deviation  of  the  eyes  toward  the  side 
of  operation  after  section  between  the  cerebellum  and  cor- 
pora quadrigemina,  whilst  section  between  the  corpora 
quadrigemina  and  the  optic  thalamus  caused  deviation  to 
the  healthy  side  with  nystagmus.  Section  of  the  fibres 
passing  below  the  S3dvian  aqueduct  in  their  course  from 
the  jxistero-lateral  wall  of  the  third  ventricle  to  the  antero- 
ext<3mal  part  of  the  fJoor  of  the  fourth  ventricle,  as  well  afl 
section  of  the  middle  cerebellar  peduncle  caused  rolling 
movements  in  the  direction  of  the  sotmd  side  (v.  Bech- 
torew  ^') .  Ferrier  ^  believes  these  phenomena  were  caused 
in  reality  by  interruption  of  the  paths  in  the  superior 
peduncle  or  by  injur}''  of  the  oculo-motor  nuclei  or  by  a 
combiniition  of  both  of  these  faettjrs.  The  phenomena  ob- 
served by  V.  Bechterew  in  experimental  lesions  of  the  third 
ventricle  were  such  as  led  him  to  believe  that  in  this  ven- 
tricle resides  another  organ  of  equilibriiun.  As  the  third 
ventricle  is  so  closely  related  to  the  optic  thalami  the  re- 
lations of  which  are  in  turn  so  widespread,  and  to  affer- 
ent optic  paths  on  their  way  to  the  cerebellimi  (Pause  2^*) , 
it  is  very  probable  the  phenomena  were  due  to  lesions  of 
the  optic  fibre  paths  or  of  paths  to  or  from  the  optic  thai- 
ami.  Moreover  the  fibres  and  nucleus  of  the  posterior 
longitudinal  fasciculus  invade  to  some  extent  the  terri- 
tory of  the  third  ventricle. 

As  the  superior  peduncles  begin  to  decussate  at  the  level 
of  the  lower  {caudal)  border  of  the  inferior  colliculi,  it  is 
evident  that  in  v.  Bechterew 's  division  of  the  peduncle 
between  the  corpora  quadrigemina  and  the  cerebellum > 
and  between  the  corpora  quadrigemina  and  the  optic  thal- 
amus the  effect  of  the  lower  section  on  one  side  would  be 
practically  equivalent  to  section  at  a  level  above  the  quad- 
rigemina on  the  other  side.  v.  Bechterew  believes  the 
Buperior  cerebellar  peduncle  completely  decussates.     The 
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mcst  generally  accepted  opinion  ie  that  most  of  the  fibres 
of  the  peduncle  cross  at  the  deciisBation.  Above  the  de- 
cuesation  mogt  of  the  fibre  i>ath&  are  interrupted  in  the 
red  nucleus,  those  not  ao  int-errupted  passing  through  the 
subthalamic  region  to  end  about  the  cells  of  the  thalaraua. 
Most  of  the  fibre  patlis  interrupted  in  the  n^d  nucleuB  are 
continued  l>j  rubral  neurones  to  the  thalamus.  From  tlie 
thalamus  the  uninterrupted  paths,  as  well  as  those  inter- 
nipted  in  the  red  nucleus,  are  continued  to  the  cerebral 
cortex.  Many  of  the  fibre  paths  interrupted  in  the  red 
nucleus,  however,  are  diverted  into  the  nibro-Bpinal  tract, 
which  traverses  the  brain  stem  and  ant>ero-lateral  ground 
bundles  of  the  cord  to  reach  the  ventral  root  celle.  These 
fibres,  owing  to  Forel's  decussation,  recross  the  middle  lino 
thus  bringing  the  half  of  the  cerel>elluni  in  which  the  fibre 
patha  originate  into  relation  with  the  musclea  of  the  sarae 
side  of  the  lx>dy.  It  does  not  matter  at  what  point  the 
reflex  cerebellar  tonus  arc  is  broken,  whether  in  the  affer- 
ent or  efferent  limb  the  effect  is  the  same,  i.e.,  loss  of 
tonus  of  the  musck's  supplied,  and  consequent  disturbance 
of  functional  precision  in  other  co-ordinating  centres,  es- 
pecially those  situated  in  the  optic  thalamus  and  cerebral 
cortex.  Hence  section  of  the  euperi  or  peduncle  by  Ferrier, 
and  lesions  of  the  optic  kibes,  as  well  as  of  the  fibres  con- 
necting them  with  the  ocnlo-motor  nuclei  were  follow^ed 
by  movements  toward  the  healthy  side.  Since  the  lesion 
in  section  of  the  superior  peduncle  is  situated  at  a  point 
where  decussation  has  already  taken  place  in  the  case  of 
the  afferent  paths,  and  where  it  has  not  yet  occurred  in  the 
case  of  the  efferent  paths,  which,  in  the  case  of  paths 
making  for  the  spina!  cord  owing  to  a  double  decussation, 
are  in  relation  with  the  muscles  of  the  same  side  of  the 
body,  the  phenomena  are  alt-ogether  analogous  to  those 
following  hemi-extirpation  of  the  cerebellum  of  tlie  same 
side  or  section  of  the  middle  peduncle  of  the  same  side 
or  section  of  the  vestibular  nerv^e  after  decussation,  if  such 
a  thing  were  possible.  Interference  wnth  the  fibre  paths  of 
the  superior  peduncle  destined  for  the  thalamus  and  cere- 
bml  cortex  causes  disturbance  of  the  cerebello-cortical  cir- 
cuit, whereby  the  animal  is  misinformed  not  only  as  to  his 
relations  in  space,  but  also  as  to  the  degree  of  innervation 
necesaary  to  control  certain  voluntary  movements  in  the 
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adjustnients  of  equilibmtion.  This  tends  to  aggravate  the 
vertigo  caused  from  interference  with  tiie  otlier  parts  men- 
tioned alxDve  (afferent  and  rubro-apinal  patlis).  The  re- 
Hult  is  that  the  animal  in  a  general  way  moves  or  rolls  in 
the  direction  of  the  striind  side^  the  niiiseulatxire  of  which 
is  in  relation  ivith  the  intiict  functioning  side  of  the 
cerebelhmi.  This  brings  that  particular  eide  of  the  cere- 
bellam  to  a  condition  of  rest  when  the  sense  of  vertigo  is 
at  a  minimum.  Agjiin  this  is  exactly  what  the  sheep  or 
dog  with  the  divided  vestibular  nerve  does,  viz.,  seeks 
that  po-sition  in  which  the  muscles  connected  with  the  half 
of  the  cereljtillum  that  htw  all  the  afferent  and  eftVn'ut  paths 
of  its  tonus  mechanisms  intact,  tliereby  reducing  to  a 
minimum  the  Bubjective  and  objective  diBturlMnces  that 
spring  from  injury  to  one  or  other  of  He  uuiin  afferent  or 
efferent  paths.  The  site  of  the  lesion,  i.e,,  whether  it  ia 
situated  on  one  side  or  the  other  of  the  median  line  ia  not 
what  determines  the  direction  of  the  muvoment,  for  in 
many  instances  the  same  fibre  paths  may  be  divided  Ije- 
fore  or  after  crossing  the  middlr^  line.  The  cerebellar 
centres  involved  are  the  all-important  thing  in  determining 
the  direction  of  the  ocular  and  Ixdily  deviations  which, 
in  a  general  way,  are  always  away  from  the  side  of  the 
cerebellum  with  which  the  in  jo  red  afferent  or  efferent  x'atha 
are  connected.  If  this  rule  be  kept  in  mind,  the  explana- 
tion of  clinical  and  experimental  phenomena  will  Ije  greatly, 
facilitated.  The  conjugafje  deviation  seen  in  extensive 
cerebral  hemorrhage  can  be  readily  explained  when  the  in- 
timate relation  of  each  half  of  the  cerebellum  with  the  op- 
posite cerebral  hemisphere  is  understood.  A  large  hemor- 
rhage over  one  cerebral  hennspliere  not  only  inliibita  the, 
motor  centres  in  the  cerebral  ocular  areas  on  that  side, 
but  cuts  off  all  or  many  of  the  impidses  to  and  from  the 
cerebellum  by  \\'m  of  the  related  superior  and  middle 
peduncles.  The  result  is  efjuivalent  to  section  of  such 
peduncles  after  decussation,  which  means  suspension  to  a 
certain  extent j  of  the  reflex  activity  of  the  related  cerB-| 
bellar  centres  on  the  sound  side.  The  half  of  the  cere- 
bellum on  the  side  of  the  cerebral  lesion  has  unrestricted 
pUy,  and  the  related  ocular  mechanisms  by  their  enhanced 
relative  tonus  Uy  the  (x^ulri-mot^>r  muscles  tend  t^*  turn  the 
eyes  in  a  gi-neral  way  toward  the  eido  of  the  cerebml 


PHYSIOLOGY 


81S 


lesion.  The  tumiDg  of  the  eyes  in  this  instance  toward 
the  side  of  the  lesion  is  analogous,  in  general  direction, 
to  the  turning  of  the  eyes  that  follows  section  of  the  ves- 
tibular nerve,  that  is,  toward  the  side  of  the  leeion,  but 
away  from  the  Bide  of  the  cerebellum  in  which  the  centres 
a:K^ected  by  the  lesion  are  located.  The  turning  of  the 
head  in  the  conjugate  deviation  of  cerebral  apoplexy  is 
due  to  fiUBpension  of  function  of  centres  located  near  the 
frontal  ocular  centres  with  which  they  frequently  act  in 
conjunction,  as  in  the  common  associated  movements  of 
turning  the  head  and  eyes  to  one  side  or  the  other. 
Ferrier*  found  that  stimulation  of  the  general  frontal  ocu- 
lar area  on  one  side  caused  the  head  and  eyes  to  turn 
toward  the  opposite  side.  Later,  Beevor  and  Horsley*'' 
separated  the  centres  for  the  head  movement  from  those  of 
the  eye  movement.  Destructitvn,  therefore,  of  this  region 
or  inhibition  of  the  centres  contained  therein,  naturally 
causes  a  turning  of  the  head  and  eyes  toward  the  side  of 
Uie  lesion.  It  should  be  stated,  however^  tliat  Longet,^^^ 
Lafarge,2^2  Lusanna,^^^  and  others  found  that  section  of  the 
superior  peduncle,  after  it  has  crossed  the  middle  line  as 
it  liea  in  the  tegmentum,  caused  rolling  on  the  long  axis 
to  the  sound  side,  whilst  section  of  the  peduncle  before  de- 
cussiition  near  ite  exit  from  the  cerebellum  caused  rota- 
tion to  the  side  of  the  lesion.  In  estimating  the  import 
of  these  and  all  other  operations  upon  the  cerebellum  or 
its  peduncles,  the  distinction  between  phenomena  attribut* 
able  to  irritation  and  those  attributable  to  destruction 
must  ever  be  kept  in  mind  as  well  as  the  distinction  be- 
tween movements  which  are  purely  automatic  and  those 
due  to  voluntiiry  compensation. 

We  have  seen  that  the  experimental  phenomena  con- 
nected with  lesions  of  the  cerebellum  and  of  the  superior 
and  middle  peduncles,  as  well  as  with  section  of  the  ves- 
tibular nerve,  point  strongly  to  the  fact  that  the  peduncles 
mentioned  cont^iin  paths  for  the  transmission  of  impulses 
concerned  in  the  reflex  acta  of  equilil>ration  that  are  asso- 
ciated with  the  cerebellar  centres.  These  paths  are  simi- 
lar to  those  already  found  in  the  vestibular  nerve  but  the 
peduncles  contain  efferent  as  well  as  afferent  paths.  The 
phenomena  observed  also  point  to  a  crossed  cerebellar  re- 
lation in  theeo  as  in  the  labyrinthine  paths  andamitomical 
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investigations  lend  corroboration.  When  we  approach  the 
study  of  the  inferior  peduncle,  difficulties  are  encountered 
which  spring  from  the  complexity  of  its  structure  coupled 
with  the  inevitable  lack  of  uniformity  in  the  experimental 
findings. 

V.  Bechterew  ^*  found  that  section  of  the  inferior  pe- 
duncle in  any  part  of  its  course  from  the  olive  to  its  en- 
trance into  the  cerebellum,  as  well  as  injury  to  the  olive 
on  the  same  side  always  produced  rolling  movements  toward 
the  side  of  operation.  This  is  one  of  v.  Bechterew 'e  chief 
reasons  for  maintaining  that  the  vestibular  nerve  ia  mainly 
in  relation  with  the  homolateral  half  of  the  cerebellum. 
The  extreme  complexity  of  the  fibre  paths  in  the  inferior 
peduncle  render  it  difficult  to  deduce  reliable  conclusions 
from  lesion  of  this  structure.  The  proximity  of  De iters' 
nucleus  and  of  the  vestibular  paths  to  and  from  it,  in- 
cluding veetibulo-olivary  paths  from  Deitera*  nucleus  to 
the  olive,  not  only  explain  the  phenomena,  but  turn  them 
to  account  as  strengthening  the  assumption  that  the^  olives 
are,  in  part  at  least,  relay  stations  for  afferent  vestibular 
impulses  (vestibulo-olivo-cerebellar)  as  well  perhaps  aa 
for  other  cerebellar  (afferent  and  efferent)  impulses. 

It  has  been  assumed  that  Helweg's  fasciculus  is  related 
to  the  inferior  olive.  Such  a  relationship  affords  oppor- 
tunity for  its  decussation  and  the  relaying  of  afferent  cere- 
bellar paths. 

Many  physiologists,  however  (Rolando,^'*  Magendie,"' 
and  others) ,  have  found  fairly  constant  and  uniform  resultB 
after  section  of  the  inferior  peduncle.  One  of  these  re- 
sults was  a  tendency  to  roll  to  the  side  of  the  lesion. 

Notwithstanding  the  diversity  of  opinions  as  to  the 
direction  in  which  the  animals  tend  to  roll  aft-er  section 
of  the  various  peduncles^  or  after  removal  of  one-half  of 
the  cerebellum,  the  deviation  of  the  eyes  is  always  directed 
to  the  side  on  which  the  cerebellar  centres  and  their  re- 
lated afferent  and  efferent  paths  are  intact.  This  fact 
serves  as  a  guide  and  helps  us  to  avoid  those  errors  which 
must  inevitably  spring  from  confounding  phenomena  due 
to  irritation  with  those  due  to  deBtmction  and  automatic 
with  voluntary  compensatory  raovemente. 


CHAPTER  XXII 

ON    OCULAR    MOVEMENTS    AND   NYSTAGMUS 

Ferrier  and  Munk,  working  independently  of  each  other, 
first  located  the  centree  for  ocular  movements  in  tiie  frontal 
region  of  the  cerebral  hemispheres,  viz.,  in  the  posterior 
half  or  two-thirds  of  the  eiiperior  and  middle  frontal  con- 
volutions. Stimulation  of  this  area  causes  movements  of 
the  head  and  eyes  toward  the  opposite  side. 

Horaley  and  Schiifer^^*  confirmed  Ferrier's  results 
and  got  movements  from  a  more  extended  area.  Beevor 
and  Horeley  *^  separated  the  area  for  movements  of  the 
head  from  that  for  movements  of  the  eyes  and  further 
differejitiated  tlie  lateral  movements  of  the  eyea.  They 
found  that  turning  both  eyes  in  the  horizontal  plane 
toward  the  opposite  side  was  rare  as  a  primary  movement 
and  h«>8t  represented  in  the  convolutions  in  front  of  the 
paracentral  sulcus  and  to  a  less  extent  behind  it.  Move- 
ment of  both  eyes  to  the  opposite  side  and  upward  was 
found  to  be  rare  as  also  movements  of  both  eyes  to  the 
oppogite  eide  and  downward.  Limited  rotation  of  the 
eyes  sufficient  to  restore  the  direct  position  of  the  visual 
axes  was  frequently  observed.  Nystagmus  was  occasion- 
ally observed  on  stimulation  of  areas  in  front  of  the  pre- 
central  sulcus,  Schiiier  **  discovered  in  the  occipital  region 
centres  for  ocular  movement  similar  to  those  found  by 
Ferrier  in  the  frontal  region*  Ferrier  *  had,  however, 
already  obtained  movementa  of  the  eyes  from  irritation  of 
the  occipital  areas,  but  considered  them  as  merely  aasoci- 
at-ed  movRments.  Sherrington  ^^^  after  division  of  the 
third  and  fourth  cranial  nerves  up43n  the  left  side,  observed 
conjugate  deviation  of  both  eyes  U)  the  right  upon  excita- 
tion of  the  cortex  on  the  left  side,  viz.,  Ferricr's  ocular 
centre  in  the  frontal  region  and  Schafer'e  centre  in  the 
occipital  region,  Both  eyes  turned  to  the  right,  but  the 
left  only  went  as  far  as  the  middle  line. 

Sherrington  also  divided  the  sixth  nerve  on  the  left 
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side  and  found  that  stimulation  of  the  frontal  cortex  of 
the  right  heiiiisphero  caused  the  right  eye  to  move  to  the 
left  Eharply,  whilst  the  left  eye  did  not  move,  or  moved 
eluggishly  up  to  the  full  primary  position.  Sherrington 
concluded  that  the  straight  muscles  of  tlie  eye  can  be  in- 
hibited by  appropriate  excitement  of  certain  parts  of  tlie 
frontal,  and  still  better  of  the  occipital  cortex  on  the  side 
opposite  to  that  of  the  muscle.  Ho  found  that  this  inhi- 
bition takes  place  on  stimulation  of  the  corona  radiafca 
and  occipital  radiations  after  removal  of  the  frontal  and 
oocipitfil  coj-tex.  He  further  noted  that  on  severance  of 
the  third  J  fourth,  and  sixth  nerves,  the  eyeball  assumed 
the  primary  position. 

Schafer  and  Mott^^^  demonstrated  that  movements 
other  than  lateral  are  represented  in  the  cerel>ral  cortex. 
Risien-Russell,*^  working  independently,  also  demon- 
strated the  same  fact  in  an  interesting  series  of  experi- 
ments undertaken  especially  for  the  investigation  of  ocu- 
lar movements. 

In  monkeys,  after  division  of  the  internal  rectus  on  the 
side  of  C4irtica!  stimulation,  and  of  the  external  rectus 
upon  the  opiMsite  Bide,  he  observed  up  and  down  move- 
ments of  the  eyeballs  on  irritation  of  the  frontal  ocular 
area.  By  practising  this  method  of  severance  of  certain 
muscles  the  following  movements  were  shown  to  be  related 
to  certain  areas  in  the  frontal  (and  presumably  also  in  the 
occipital)  cortex: 

1.  Direct  movement  of  both  eyes  downward;  centre 
just  above  horizontal  fissure  of  the  centra!  sulcus. 

2.  Direct  movement  of  both  eyes  upward ;  centre  slight- 
ly above  and  in  front  of  the  preceding  area. 

3.  Movement  of  both  eyes  downward  and  to  the  oppo- 
site side ;  centre  in  front  of  vertical  part  of  the  precentral 
sulcus  just  below  the  line  of  the  posterior  extremity  of  the 
horizontal  sulcus. 

4.  Movement  of  Ijoth  eyes  upward  and  to  the  opposite 
side;  centre  just  l>elow  the  horizontal  fissure  of  the  precen- 
tral sulcus. 

5.  Movement  of  convergence  j  centre  not  constant,  but 
generally  in  front  of  centre  described  under  No.  S. 

0.  Direct  lateral  movement  to  the  side  of  stimulation 
(exceptional) . 
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7-  Movement  upward  and  to  the  saine  Bide  (excep- 
tional) . 

Russell  next  proceeded  to  practise  removal  of  the 
various  areas  in  the  frontal  cortex  corresponding  to  the 
locution  of  the  centres  for  the  various  eye  inovements. 
The  operations  caused  conjugate  deviation  of  the  eyes  to 
the  side  of  the  lesion.  In  time  the  deviation  was  corrected, 
but  returned  when  the  animal  was  antcstlu^tized  just  be- 
fore tl]e  stage  of  surgical  ima^sthesia,  whilst  the  corneal 
reflex  was  still  present.  With  the  advent  of  profound 
narcosis  J  each  eyeball  moved  to  a  position  of  slight  out- 
w^ard  deviation  which  is  the  normal  p(}gition  for  dogs  in 
deep  narcosis,  A  similar  di^^ergence  of  the,  eyes  with  in- 
depentlent  motions  was  obBcrved  by  Mercior  and  Warner  ^^* 
in  man  in  deep  coma  from  anaesthetics  or  other  cause.  In 
recovery  from  aufcethesia,  the  animal's  eyes  w^^nt  into 
conjugate  deviation  toward  the  side  of  the  lesion  and  re- 
mained thus  for  one  to  two  hours  after  restoration  to  con- 
sciousness. The  generally  accepted  view  as  to  the  causa- 
tion of  conjugate  deviation  after  removal  of  the  cerebral 
ocular  cf^ntres,  is  that  it  results  from  the  unoj>po8ed  action 
of  the  structures  upon  the  sound  side. 

Risien-Russell  attempts  to  exx>laie  the  recovery  from 
deviation  after  operation.  There  are,  according  to  him, 
four  possibilities  to  account  for  the  phenomena: 

1.  The  remaining  parts  of  the  ocular  centres  take  on 
action. 

2.  Increased  supply  of  nervous  influence  from  the 
sound  hemisphere. 

8,   Cereboilar  compensation. 

4.  Diminished  output  of  energy  on  the  sound  side  to 
the  relatt3d  muscles. 

The  first  hyi>othesie  is  rejected  because  compensation 
occurs  even  where  the  whole  cortical  oculo-motor  area  of 
one  hemisphere  is  removed.  The  author  does  not  state 
whether  the  n^moval  included  the  cjccipital  as  well  as  the 
frontal  areas,  but  adds  tliatwuiar  movements  may  be  rep- 
resented  in  lower  areas,  e.g.,  in  the  leg  and  ami  regions. 

The  second  hypothesis  is  rejected  as  unlikely  because 
movements  to  the  side  of  stimulation  are   exceptional. 

The  third  hypothesis  is  not  so  easily  dismissed  hi-cause 
of  the  findings  of  Ferrier  ^  and  Luciani,^^  The  former  found. 
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on  irritation  of  certain  areas  of  the  cerebellnra  that  the 
eyes  turned  to  that  side,  whilst  the  latter  found  on  abla- 
tion of  one  lateral  half  of  the  organ  that  the  eyes  turned 
to  the  opposite  Bide.  These  observations  show  that  each 
half  of  the  cerebellum  exerts  an  influence  up^n  the  ocular 
movements  similar  to  that  exerted  bj  the  opposite  cerebral 
hemisphere.  It  is  therefore  possible  that  the  cerebellum 
may  compensate ior  loss  of  the  cerebral  ocular  centres  and 
BO  correc't  the  conjugate  deviation. 

The  fourth  hypothesis  seem b  to  be  the  one  toward  which 
Russell  most  inclines.  The  amount  of  motor  energy  liber- 
ated by  any  centre  is  proportioned  to  the  resistance  to  be 
overcome.  After  destruction  of  one  area,  the  muack^  re- 
lated to  the  corresponding  area  on  the  opposite  sido'have 
less  demand  put  upon  them  through  the  reflex  centres,  and 
their  related  centres  (on  the  sound  side)  gradually  accom- 
modate themselves  to  the  new  conditionsj  i.e.,  become  less 
active. 

It  should  be  noted  that  this  is  a  purely  negative  sort 
of  recovery  at  the  expense  of  the  function  of  active  ocular 
movement.  Sherrington's  observation,  that  the  cerebral 
cortex  not  only  controls  the  straight  ocular  muscles  which 
turn  the  eyes  to  the  opposite  side,  but  actively  inhibits 
their  antagoniBts,  is  distinctly  opposed  to  this  view.  More- 
over, the  reappearance  under  anaesthesia  of  the  deviation 
which  had  been  recovered  from,  cannot  well  be  explained 
on  this  hypothesis.  The  same  objeetiim  holds  for  cerebel- 
lar cnmpensation.  If  the  cerebellar  mechaniBms  be  in- 
cluded, the  most  plausible  explanation  is  afforded  by  hy- 
pothesis No.  1.  Thus  it  is  known  that  ocular  movements 
are  represpnted  in  the  front^il  and  in  the  occipital  areas, 
and  it  may  well  happen  that  eye  movementi  are  repre- 
sented in  other  areas. 

The  compensation  for  conjugate  deviation  on  this 
hypothesis  therefore  takes  place  by  the  gradual  acquire- 
ment of  active  participation  of  other  areas  of  the  cerebral 
cortex  on  the  side  of  the  lesion.  Under  anoGsthesia  the 
newly  acquired  functions  are  the  first  to  be  suspended,  thus 
permitting  the  reappearance  of  the  conjugate  deviation. 

When  complete  anacKthesia  8Uper\'eneB  all  the  ocular 
centres  are  in  abeyance,  and  on  coming  out  of  the  anees- 
ihBiiCf  the  centres  that  were  overcome  last  are  the  first  to 
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recover,  causing  thereby  the  reappearance  of  conjugate  de- 
viation The  ocular  centres  of  both  cerebral  hemiephereB 
do  not,  in  normal  dogs,  succumb  simultaneously  in  ether  or 
cblorofomi  narcoBis  ( Rib ibu- Russell).  This  fact  does  not 
necessarily  contravene  the  view  just  expressed  which  re- 
lates more  to  apea  and  the  higher  forms ;  for  in  the  dog 
ocular  and  other  movements  are  but  feebly  represented  in 
the  cerebral  cortex,  and  the  movements  bo  represented  are 
probably  not  equally  represented  in  each  hemisphere. 
Thus  in  dogs  and  cats,  besides  the  latt^ral  movements,  the 
only  movement  represented  in  the  frontal  cortex  are  the 
upward  moveiiienta,  whilst  in  monkeys  all  sorts  of  move- 
ments are  represented  (Risien-Russell) .  This  clearly 
shows  the  relative  autoraaticity  that  obtains  in  ocidar  and 
other  movement  in  the  dog  and  lower  forms  as  pointed 
out  by  Ferrier.  It  also  emphasizes  the  relative  imj)ortance 
of  the  mesencephalic,  cerebellar,  and  other  automatic  cen- 
tres in  these  lower  forma. 

It  has  long  been  known  that  the  cerebellum  influences 
ocular  movements.  • 

Saucerotte  22*  (17G9)  concluded  from  his  experiments 
that  the  eyes  receive  innervation  from  the  cerebellum. 

Magendio***  (1^24)  described  the  position  of  the  eyes 
after  lesions  of  the  cerebellum  and  of  the  middle  peduncles. 
In  rabbits  he  found  on  section  of  one  middle  peduncle  the 
eye  on  the  same  side  turned  downward  and  forward  whilst 
that  of  the  opposite  side  turned  uoward  and  backward. 
(See  diagrams.) 

This  position  of  the  eyes  is  somewhat  similar  to  the 
position  observed  by  Biehl '°  on  section  of  the  right  ves- 
tibular nerve  in  the  sheep,  the  only  difference  being  that 
in  the  latter  the  position  of  the  left  eye  is  raised  and  that 
of  the  right  lowered.  When  the  corresponding  peduncle 
of  the  opposite  side  was  cut,  Magendie  found  that  the  oc- 
ular deviation  disappeared  and  the  eyes  reverted  to  the 
primary  position. 

G rati olet  and  Leven"*  {I860)  incised  the  cerebellum 
vertically  through  the  centre  of  one  lateral  lobe  and  ob- 
served that  the  eye  on  the  same  side  turned  downward  and 
backward,  whilst  that  on  the  other  side  turned  upward 
and   forward.      Leven   and    Oilivier^^'    passed   needles 
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tlirough  the  skulls  of  giiinea-pigs  into  the  cerebellum,  and 
observed  strabismus.  Renzi  ^=*  (1804)  concluded  that  in 
fifihea  the  cerebellum  influenced  vision  by  regulation  of 
the  co-ordinated  voluntary  movements  of  the  eyeballs. 
Weir-MitdielL*^^  (18(39)  observed  that  most  deep  lesions 
of  the  cei'ebellum  produced  strabismus.  Ferrier*  found 
that  irritation  of  areas  of  the  cerebellum  in  and  about  the 
vermis  caused  various  movements  of  the  eyes,  the  general 
direction  being  toward  the  side  of  irritation.  He  also  ob- 
served contraction  of  the  pupils,  especially  on  the  homo- 
lateral side,  Imlging  of  the  eyeballs,  and  movements  of  the 
limbe,  etc.,  upon  the  side  of  irritation.  Luciani*^  (1891) 
found  on  extirpation  of  one-half  of  the  cerebellum  that  the 
eyes  turn  to  the  opposite  side.  He  also  obaer\'ed  strabis- 
mus and  nystagmus  after  removal  of  different  parts  of  the 
cerebellum.  Risien- Russell  on  rei^oval  of  one  lateral  lobe 
of  the  cerebellum  in  dogs  and  cats  observed  a  skew  devi- 
ation of  the  eyes,  the  eye  on  the  aide  of  the  lesion  turning 
upward  and  forward,  whilst  the  opposite  eye  tumetl  down- 
ward and  l^ackward.  When  the  effects  of  the  anfcstlietic 
had  passed  off,  the  eye  on  the  side  of  the  cerebellar  lesion 
went  back  to  the  primary  position,  whilst  the  eye  on  the 
opposite  side  maintained  its  abnormal  position  for  sev- 
eral days,  Removal  of  both  lateral  lobes,  leaving  the 
middle  lobe  intact,  caused  both  eyeballs  to  rotiite  down- 
ward and  to  a  variable  extent  outward.  Excision  of  half 
the  posterior  part  of  the  middle  lobe  caused  the  eye  of  the 
Bame  side  to  rotate  downward  and  outward.  Excision  of 
the  w^hole  of  the  posterior  part  of  the  middle  lobe  caused 
both  eyes  to  turn  downward  and  slightly  outward.  Total 
ablation  of  the  cerebellum  caused  a  variable  amount  of 
downward  rotation  of  lx)th  eyeballs.  All  these  ocular  de- 
viations were  recovered  from  in  a  variable  length  of  time. 
After  recovery  the  deviations  were  re-established  during 
narcosis. 

Two  forms  of  nystagmus  were  ohBer\'ed : 
A  spontaneous  form  which  was  of  a  definite  direc- 
tion irrespective  of  voluntary  ocular  movements;  and 
nystiigmoid  jerks  w^hich  occurred  only  when  the  globes 
were  moved  volantarily,  the  direction  of  the  jerks  being 
the  same  ae  that  in  which  the  globes  were  moved. 

Ablation  of  one  lateral  lobe  caused  nystagmus  which 


waa  of  more  or  less  constant  occurrence,  and  which  lasted 
for  a  variable  time  after  the  operation  at  times  only  for 
a  day  or  two.  The  nystagnius  waa  always  lateral  and 
consisted  of  slow  jerkH  t^jward  the  sidr^  of  the  lesion.  The 
jerks  were  more  marked  in  the  eye  on  the  sound  side. 

Removal  of  both  lateral  lobes  cansed  nystagmus  of  up- 
ward direction  with  a  tendency  of  the  upper  segment  of 
each  globe  to  rotate  from  within  outward  at  first.  This 
spontaneous  nystiigmus  was  replaced  by  nystagmoid  move- 
ments which  oc/curred  only  when  the  eyes  were  moved. 
The  direction  of  these  nystagmoid  movements  was  that  in 
which  the  eyes  were  moved.  In  the  course  of  two  or 
three  days  all  nystagmus  had  disappeared. 

Extirpation  of  one  lateral  half  of  the  posterior  part  of 
the  middle  lolje  caused  nystagmus  of  both  globes.  The 
jerks  were  toward  the  opposite  side  and  slightly  upward. 

Ablation  of  the  whole  posterior  part  of  middle  lobe 
caused  vertical  nystagmus  with  occasional  irregular  rotti- 
tory  movements. 

Ablation  of  the  whole  cerebellum  did  not  cause  spon- 
taneous nystagmus,  but  there  appeared  nystagmoid  jerks 
of  both  globes  in  the  direction  of  the  voluntary  ocular 
movements.  After  recovery  from  the  nystagmuB  following 
cereljellar  lesion,  ether  or  chloroform  narcosis  caused  a 
reappearance  of  the  nystagmus  just  as  the  globes  were 
about  to  turn  to  one  side  or  the  oth<ir.  It  ceased  as  the 
ansesthesia  deepened  and  the  abnonual  (nurmal  for  nar- 
cobib)  position  of  the  eyes  was  established.  This  was 
seen  several  months  after  ablation  of  one  lateml  IoImj. 

By  way  of  control,  experiments  were  made  by:  U  ex- 
tirpating the  labyrinth  on  one  side;  2,  by  intra-cmnial 
section  of  the  eighth  nerve;  and  B,  by  chemical  irritation 
of  the  eighth  nerve  on  one  side.  All  these  procedures,  ac- 
cording to  Risien- Russell,  were  followed  by  similar  results, 
viz.,  rotation  of  the  eye  upon  the  side  of  thu  lesion  down- 
ward. There  was  doubt  as  to  whether  there  was  also  an 
additional  displacement  outward  as  deacril>ed  by  v.  Bech- 
terew^  or  inward,  sometimes  the  one  and  sometimes  the 
other  being  observed. 

The  eye  on  the  sound  side  was  turned  inward  but  with- 
out the  upward  rotation  described  by  v.  Bechterew. 

Nystagmus  was  always  marked  just  after  the  opera- 
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tion,  the  direction  being  upward  with  a  varying  amount 
of  inward  element  in  the  eye  on  the  aide  of  the  lesion,  and 
lateral  J  with  the  jerks  outward,  in  the  eye  of  the  sound  side. 
It  was  noted  that  two  or  three  hours  after  the  operation 
there  ruight  appear  rotary  nystagmus  of  both  eyes  in 
which  the  upper  segment  of  the  eye  on  the  side  of  opera- 
tion rotated  inward,  whilst  that  of  the  opposite  eye  rota- 
ted outward. 

Ablation  of  the  frontal  ocular  area  of  one  hemisphere, 
followed  latter  by  extirpation  of  the  opposite  lateral  lobe 
of  the  cerebellum.    See  diagrams  (pp.  329,  830),    Stages: 

1.  In  narcosis  before  operation  the  eyes  were  turned 
to  the  left.. 

2.  Removal  of  part  of  ocular  area  of  the  right  hemis- 
phere caused  both  eyes  to  turn  to  the  right. 

8.  In  a  few  days  the  eyea  had  resumed  their  normal 
position. 

4.  Removal  of  left  lateral  lobe  of  cerebellum  caused 
the  right  eye  to  turn  to  the  right  with  a  downward  incli- 
nation*    The  left  eye  was  imaffected. 

Hence  removal  of  one  lateral  lobe  of  cerebellum  in  an 
animal  deprived  of  part  of  its  frontal  ocular  area  of  the 
opposite  cerebral  hemisphere  has  the  same  result  as  the 
eame  operation  done  upon  an  animal  with  the  cerebral 
ocular  areas  intact.  Ablation  of  part  of  the  eye  area  of 
one  hemisphere  was  followed  lat^^r  by  extirpation  of  the 
lateral  cerebellar  lobe  of  the  same  side.  The  effect  of  the 
second  operation  wns  to  cause  the  eye  on  the  sound  side 
to  turn  outward  slightly,  certainly  to  a  much  less  ext^^nt 
than  a  siniilar  operation  on  dogs  with  intact  cerebral 
hemispheres. 

This  experiment  indicates  clearly  the  functional  de» 
pendeneeof  the  lateral  cerebellar  lobe  upon  the  related  cor- 
tical area  of  the  oiJ^Kisite  cerebral  hemisphere.  Assuming 
that  compensation  after  the  first  operation  had  taken  place 
by  the  active  intjer\^pntion  of  the  other  ocular  centres  in  the 
right  hemisphere,  it  niiiy  also  be  assumed  that  sufficient 
time  had  not  elapsed  for  the  new  afferent  cerebro-cerebellar 
paths  to  function  properly.  TJie  efteet  of  removal  of  the 
cerebral  ocular  art^a  on  the  right  side  may  properly  be 
compared  with  the  effect  of  section  of  the  right  vestibular 
nerve,  in  that  it  withdraws  the  afferent  cerebellar  tonus 


impulses  from  the  left  half  of  the  cerebellum,  so  that  when 
the  antagonistic  centres  in  the  right  half  of  the  cerebellum 
are  removed,  little  or  no  deviation  of  the  eyes  occurred. 
The  fact  that  there  waa  some  deviation  of  the  left  eye 
t^jward  the  left,  aeems  to  prove  that  this  latter  was  not 
due  to  the  inequality  of  direct  cortical  innervation  to  the 
ocular  muscles,  inasmuch  as  the  deviation  due  to  the  first 
operation  had  already  been  compensated.  On  the  other 
hand  it  might  be  said  that  thie  compensation  was  ejected 
througli  overactivity  of  the  left,  or  underactivity  of  the 
right  half  of  the  cerebellum.  The  reappearance  of  the 
rjcular  deviations  iu  narcosis  and  otber  considerations,  e.  g. , 
the  slight  extent  of  the  deviation  of  the  left  eye  after  tbe 
second  operation,  render  this  extremely  improbable. 

We  are  therefore  driven  to  the  conclusion  that  the  de- 
viation that  occiured  after  the  second  operation  was  the 
result  of  afferent  cerebro-cerebellar  tonus  impulses  reaching 
the  left  half  of  the  cerebellum  from  the  ocular  centres  in 
the  right  hemisphere  that  had  not  been  interfered  with  in 
the  first  operation.  The  insignificance  of  the  deviation 
is  accounted  for  bjjPthefact  that  the  chief  ocular  (frontal) 
area  had  been  removed  upon  the  right  side,  thereby  cut- 
ting off  most  of  the  normal  afferent  cerebro-cerebellar  im- 
pulses to  the  left  half  of  the  eerebellmu  for  which  of  course 
partial  comjwnsation  had  Ijeen  made.  When,  therefore, 
tbe  right  lateral  lobe  was  removed ,  the  eyes  practically  re- 
mained in  the  primary  position  just  as  they  do  in  section 
of  Ijoth  vestibular  nerves  or  section  of  all  the  nerves  to  the 
ocailar  muscles.  In  other  words  removal  of  areas  of  cere- 
bral cortex  upon  one  side  tends  t<3  counterlmlance  the 
effects  of  removal  of  the  lateral  lobe  of  the  cerebellum  upon 
the  same  side,  or  of  section  of  the  vestibular  nerve  on  the 
opposite  side.  Extirpation  of  one  lateral  lobe  of  the  cere- 
behum,  followed  later,  by  removal  of  part  of  the  frontiil 
eye-area  of  the  opposite  cerebral  hemisphere  gave  results 
like  those  observed  when  the  cerebml  ocular  area  was  re- 
moved first  and  then  the  opposit-e  lateral  lobe  of  the  cere- 
bellum. 

Extiri>ation  of  one  lateral  lobe  of  the  cerebellum  fol- 
lowed later  by  removal  of  part,  of  the  frontal  eye-area  in 
the  cerebral  hemisphere  of  the  same  side  gave  results,  like 
those  observed  when  the  cerebral  eye-area  was  first  removed 
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and  then  the  lateral  lobe  of  the  cerebellum  on  the  same 
side. 

Removal  of  part  of  the  frontal  eye-area  of  one  cerebral 
hemisphere  and  extirpation  on  the  same  side  of  the  lateral 
lobe  of  the  cerel^ellum  in  one  operation  caused  the  eye  on 
the  Bide  of  operation  to  turn  toward  the  side  of  the  le- 
sions. The  eye  on  the  sound  side  was  not  appreciably 
affected. 

These  experiments  seem  to  indicate  that  in  the  conju- 
gate lateral  movements  of  tlie  eyes  in  the  dog  and  cat  the 
contra-lateral  eye  in  its  outward  movement  (external  rec- 
tus) is  more  strongly  represented  in  the  cerebral  cortex 
than  the  homo-kt^ral  eye  in  its  asgociat€'d  movement  (in- 
ternal rectus) ,  Similarly  in  the  cerebellum  the  outward 
movement  of  the  homo-latertd  eye  {external  rectus)  is 
more  strongly  represented  than  the  corresponding  associ- 
ated movement  of  the  contra-late  ml  eye  (internal  rectus). 

The  deviations  and  strabismus  that  follow  ablations  of 
portions  of  the  cerebellum  are  usuiilly  attributed  to  irrita- 
tion of  the  remaining  fibres  or  centres.  But  Risien-Russell 
considers  them  as  paralytic  phenomena  because,  after  com- 
pensatioUj  the  deviation  reappears  in  ether  or  chlorofonn 
narcosisv*^!!*!  no  mere  irritative  effect  could  behave  in  this 
way.  The  results  of  Ferrier  and  of  Luciani  support  this 
view.  The  question  arises  as  to  whether  the  effects  of  re- 
moval of  portions  of  the  cerebellum  are  due  to  the  with- 
drawal of  some  direct  influence  of  the  cerebellum  upon  the 
muscles,  or  to  an  indirect  effect  upon  the  muscles  brought 
alxHit  through  the  agency  of  the  cerebral  hemispheres  of 
the  same,  or  of  the  opposite  side,  viz.,  by  the  removal  from 
the  eerelx'llum  of  some  influence  originating  nommlly  in 
the  cells  of  the  cerebral  cortex.  Risien-Russell  himself 
has  shown  that  each  half  of  the  cerebellum  exerts  impor- 
tant influences  upon  tlie  cortical  cells  of  the  (»p[x)site 
cerebral  hemisphere,  and  that  unilateral  lesions  of  the 
cerebellum  induce  inequality  of  excitability  in  the  two 
cerebral  hemispheres,  the  hemisphere  on  the  side  opposite 
to  that  of  the  cerel>eOar  lesion  being  the  more  excitable,  al- 
though Luciani  found  increased  excitability  in  some  parts 
and  depression  in  other  parts.  RiBien-Russell  believes 
the  abnormal  ^josition  of  the  eyes  aftjer  ablation  of  parts 
of  the  cerebellum  is  due  to  withdrawal  of  cerebellar  influ- 
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ence  exerted  directly  upon  the  ocular  muscles  and  not  in- 
directly by  way  of  the  cerebral  cortex.  He  baaea  his  opin- 
ion upon  the  fact  that  after  removal  of  part  of  one  cerebral 
eye-area,  ablation  of  the  lateral  lobe  of  the  cerebellum  upon 
the  opposite  side  causes  exactly  the  same  amount  of  devia- 
tion that  is  seen  upon  removal  of  one  lateral  lobe  of  the 
cerebellum  with  the  cerebral  areas  of  the  opposite  side  in- 
tact. He  believes  that  spontaneous  nystagmus  is  an  irri- 
tation phenomenon  reflexly  induced,  whilst  the  nystag- 
moid movements  evoked  by  voluntary  movements  of  the 
eyeballs  is  a  paralytic  phenomenon  due  to  weakness  of  the 
muscles  producing  movement  of  the  eyes  in  any  one  direc- 
tion or  to  weakness  of  the  antagonists  of  those  muscles. 

Beevor  and  Horsley*'*  otiserved  that  nystagmus  only 
infrequently  occurred  upon  irritation  of  the  cerebral  cortex 
and  then  only  in  very  limited  areas  anterior  to  the  frontal 
ocular  areas.  In  operations  upon  the  cerel>ellum  or  npon 
its  peduncles,  Ferrier  ^  observed  that  violent  irregular  nys- 
tagmus is  always  present  during  the  manipulations  and  it 
is  only  some  time  aft^er  the  eyes  have  quieted  down  that 
the  nystagmus  can  be  properly  studied- 

The  spontaneous  nystagmus  which  accompanies  active 
or  passive  rotation  is  a  highly  co-ordinated  act  intended 
to  facilitate  the  visual  fixation  of  passing  objects.  Hence 
the  short,  rapid  jerks  which  enable  us  to  see  the  moving 
objects  continuously  without  suspension  of  vision  even 
during  the  adjustments  of  the  eyes.  Such  adjustments  of 
the  eyes  are  not  possible  where  the  centres  for  the  balanced 
cerebellar  mechanisms  are  removed  or  impaired.  We 
must  conclude,  theref<j»re,  that  the  spontaneous  nystagmus 
observed  upon  removal  of  parts  of  the  cerebellum  is  due 
to  enhanced  irritability  relative  or  absolute  of  fibres  or 
centres  that  are  left  intact.  Thus  in  Risien-Russell's  ex- 
periments, ablation  of  one  lateral  lobe  caused  lat-eral  nys- 
tagmus w^ith  slow  jerks  toward  the  side  of  the  lesion.  As 
the  centres  for  the  lateral  movements  of  the  eyes  are  located 
just  Uj  t!ie  left  and  right  of  the  pyramid  in  the  dog,  and 
in  the  right  and  left  curv^e  of  the  median  lobe  in  the  cat 
(Ferrier)  it  seems  most  probable  that  the  operation  for  re- 
moval of  the  lateral  lobe  simply  impaired  somewhat  the 
c^^ntres  for  one  limb  of  the  balanced  niechaniems,  thereby 
causing  relatively  increased  tonus  in  the  corresponding 
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mechanisms  of  the  opposite  side  and  spontaneous  nystag- 
mus toward  the  side  of  the  lesion. 

Removal  of  both  lateral  lobes  causes  upward  nystagmus 
with  a  tendency  of  the  upper  segment  of  each  eye  to  rotate 
from  within  outward  at  first.  This  &ix>ntaneous  nystag- 
mus was  Teplaced  hy  nystagmoid  movements  which  oc- 
curred only  when  the  eyes  were  moved.  The  direction  of 
these  movements  was  that  of  the  voluntary  movements  of 
the  eyes. 

By  means  of  aural  irrigations  we  have  shown  that  bi- 
lateral irritation  or  depression  of  the  labyrintliine  receptors 
may  be  accompanied  by  vertical  nyBtagmys.  In  other 
words  equal  irritation  of  corresponding  cerebellar  centres 
related  to  the  horizontal  semicircular  canals  was  without 
effect  in  causing  the  usual  lateral  horizontal  nystagmus 
which  accompanies  unilatenil  aural  irrigations.  Wo  may 
therefore  assume  that  in  removal  of  both  lateral  lobes  the 
centres  for  the  lateral  movements  of  the  eyes  on  either  side 
of  the  pyramid  were  equally  affected,  directly  or  indirectly. 
The  possibility  of  such  an  occurrence  is  at  once  apparent 
when  it  is  remembered  that  the  centre  for  the  vertical 
downward  movement  of  the  eyes  in  apes  is  in  the  posterior 
extremity  of  the  vermiform  process,  whilst  the  centre  for 
the  corresponding  upward  movements  is  in  the  antt^rior 
extremity  of  the  vermiform  process.  Bilateral  irritation 
of  the  centres  located  in  the  lateral  lobes  (semilunar  lob- 
ules) Tvould  account  for  the  outward  rotation  of  the  eye- 
balls just  after  the  operation. 

Ablation  of  one  lateml  half  of  the  posterior  part  of  the 
middle  lobe  caused  lateral  nystagmus  to  the  left  and  slightly 
upward  whilst  ablation  of  the  whole  posterior  part  of  the 
middle  lobe  caused  vertical  nystagmus  of  an  upward  direc- 
tion which  is  readily  explicable  when  the  functions  of  the 
centres  located  in  that  portion  of  the  cereljellum  are  re- 
membered.    See  Chapter  XXIL 

Ablation  of  the  whole  cerebellum  causes  no  spontaneous 
nystagmus.  There  occur,  however,  in  both  eyes  nystag- 
moid movements  which  follow  the  voluntary  ocular  move- 
ments. The  results  of  this  last  experiment  seem  to  sup- 
port the  view  expressed  in  a  previous  chapter  that  removal 
or  serious  injury  of  any  of  the  cerebellar  centres  causes^ 
not  spontaneous  nystagmus,  but  nystagmoid  movements 
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and  deviations.  The  significance  of  these  movenientB 
should  therefore  he  remembered  in  the  diagnoBiB  of  cere- 
belhir  lesionp.  After  compeneation  has  be*?n  made  for  the 
nyBtagrmiB  foHowing  cerebellar  lesions  the  reappearance  of 
the  nystagmus  under  ether  narcosis  does  not  neces8arily 
imply  that  the  nystagmus  was  originally  a  paralytic  phe- 
nomenon. Indeed  the  facts  seem  to  justify  the  opposite 
conclusion  J  for  such  a  highly  co-ordinated  act  as  physio- 
logical nystagmus  necessarily  implies  intact  mechanisms 
rather  than  mechanisnie  that  have  been  more  or  less  com- 
pletely destroyed.  However,  as  the  centres  in  one  portion 
of  the  cerebellum  are  set  up  against  the  centres  in  another 
portion  (balanced  mechaniBms)  it  can  be  readily  imder- 
stocjd  how  impaimientj  dcBtniction,  or  irritation  of  the 
centres  in  any  one  area  may  disturb  the  relations  of  the 
balanced  mechanisms  and  so  cause  nystagmus.  In  these 
instances  if  the  Ifision  of  the  cenjhollum  be  a  fairly  gross 
one  the  ocular  movements  will  l>e  of  the  nystagmoid 
variety.  With  a  lesser  lesion  they  may  resemble  the 
movements  of  true  spontaneous  nySLagmus,  but  some 
irreguliirity  will  be  exhibited,  esi^ecially  in  the  reactions 
to  aural  irrigations,  rotations,  or  galvanism. 

In  accounting  for  the  discrepancies  between  the  results 
of  various  physiologists  it  should  hi  rememtered  that  it 
is  a  matter  of  some  difficulty  to  detennine  tlie  direction 
of  nystagmus  in  animals,  and  that  in  experiments  upon 
the  exceedingly  sensitive  labyrinth  ''retardation  phe- 
nomena'* may  supervene^  milking  it  appear  that  similar 
operations  give  contmdictory  results.  The  rapidity  of 
the  short  elements  in  nystagmus  is  so  great  that  during 
their  execution  vision  is  impossible.  For  the  same  reason 
direct  observation  of  thpse  movements  in  the  eyes  is  often 
an  impf>ssil>ility.  Nystjignuis  is  more  conveniently  studied 
in  the  human  subject  where  the  findings  can  be  corrobor- 
ated by  the  subjprtive  sensations  (i.e.,  sense  of  rotation, 
apparent  movement  of  external  objects)  and  above  all  by 
the  aid  of  the  ophtlmlmoscope. 

The  discrepancies  l>et.ween  the  observations  of  Risien- 
Russeil  and  those  of  Luc  i an  i  after  aldation  of  one  '*  lateral 
lobe'^  and  *^one  half"  of  the  ce  rebel  him  respectively  can 
be  accounted  for  by  the  fact  that  Luciani'e  openttion  re- 
moved the  whole  half  of  the  cerebellum,  including  oculai 
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centres  in  and  about  one  side  of  the  median  lobe  whicli  of 
course  eseapetl  in  Risien-Russell's  operation. 

These  experiments  demonstrate  conclusively  the  exist- 
ence of  lx»th  cerebral  and  cerebellar  balanced  mechamsms 
for  the  control  of  ocular  movements.  In  the  dog  and  cat 
the  only  movements  that  seem  to  be  represented  in  the 
frontal  ocular  areas  are  the  lateral  and  upward  vertical 
(Risien-Ruseell)  whilst  in  tlie  apes  and  presumably  in 
nmn,  the  various  other  movements  are  represented.  The 
cerebral  mechanisms  are  represented  in  paths  that  lead  from 
e^ich  frontal  ocular  area  through  the  corona  radiata,  with 
or  without  interruption  in  the  basal  ganglia,  to  the  oculo- 
motor nuclei  of  the  opposite  side.  The  centres  in  each 
frontal  area  control  the  muscles  that  move  the  eyeballs  in 
a  certain  direction  and  at  the  same  time  inhibit  the  antag- 
onistic muscles  which  move  the  eyeball  in  the' opposite 
direction.  These  mechanisms  are  of  course  under  volun- 
tary control  J  but  perhaps  owing  partly  to  their  relation  to 
the  cerebellar  mechanisms  the  ordinary  movements  of  the 
eyeballs  are  mainly  executed  in  a  reflex  manner. 


DIAGRAM  TO  SHOW  THE  EFFECTS  OF  THE  VARI- 
OUS OPERATIONS  UPON  THE  CEREBELLUM, 
WITH  THE  RESULTS  OF  SOME  OTHER  OPERA- 
TIONS  FOR  COMPARISON. 

St.  "Ei.    Xj.  B* 


1.  Section  of   left  middle   peduncle   in   rabbit 

(Magrendie). 

2.  Section  of  right  vestibular  nerve  in  sheep 

(Biehl). 

3.  Section  of  both  middle  peduncles  (Magendie) , 

4.  Incision  of  left  lateral  lobe  (Gratiolet  and 

Leven). 

5.  Ablation  of  left  half  of  cerebellum  (Luciani ) . 

6.  Removal  of  le^  lateral  lobe ;  just  after  oper- 

ation (Risien-Russell). 

7.  Ditto  when  effects  of  anesthesia  have  passed 

off  (Risien-RuBsell). 

St  Removal  of  both  lateral  lobes ;  middle  lobe 

intact  (Risien-Russell). 
9.  Excision   of  left  half  of  posterior  part  of 

middle  lobe  (Eisien-Russell). 

10.  Excision  of  whole  posterior  part  of  middle 

lobe  (Risien-Ruaaell). 

11.  Total   ablation  of   cerebellum  (Risien-Rus- 

sell). 

12.  Ablation  of  left  lateral  lobe.     Nystagmus 

(slow)  to  left  (Risien-Russeil). 

13.  Removal  of  both  lateral  lobes.     Nystagmus 

at   first ;    later  nystagmoid  movements 
(Risien-Russell). 

14.  Extirpation  of  left  half  of  posterior  part  of 

middle   lobe.     Nystagmus    (Risien-Rus- 
sell). 


Ablation  of  whole  posterior  half  of  middle 
lobe.     Nystagmus  (Risien-Ruasell). 

Section  of  eighth  nerve  of  right  side  (Risien- 
Russell). 

Section  of  eighth  nerve  of  right  side  (Bech- 
terew). 

Nystagmus  just  after  section  of  eighth  nerve 
(right)  (RiBien-RusBell). 
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DIAGRAM  TO  SHOW  THE  OCULAE  DEVIATIONS 
FOLLOWING  REMOVAL  OF  PARTS  OF  THE  OCU- 
LAR  CEREBRAL    AREAS   AND    OF   PORTIONS   OF 

THE  CEREBELLUM. 


a.  Narcosis ;  eyes  before  operation. 

b.  Removal  of  frontal  ocular  area  of  right  hem- 

isphere. 

c  Lapse  of  few  days ;  eyes  in  normal  position. 
d.  Removal  of  left  lateral  lobe  of  cerebelJiim. 
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a.  Narcosis ;  eyes  before  operation.  Cm  Cm 

b.  Removal  of  left  lateral  lobe  of  cerebellum,  (*}  (^ 

c.  Lapse  of  some  days ;  eyes  in  normal  position.  (S)  (#) 

d.  Removal  of  frontal  ocular  area  of  right  hem-  (m\  fm\ 

isphere.  ^5^  VJ/ 


a.  Narcosis ;  eyes  before  operation.  (^      (^ 

h.  Extirpation  of  left  lateral  lobe  of  cerebellum.     /^      fJV 
c.  Lapse  of  few  days ;  eyes  in  normal  position. 


d*  Removal  of  frontal  ocular  area  of  left  hem- 
isphere. 
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Theoretically  nystagmus  can  be  produced  only  by  in- 
fcerfeTence  with  the  co-ordinating  mechanifinis  of  ocular 
movement.  As  nyBtagraus  is  a  highly  co-ordinated  move- 
ment effected  by  alternating  reflexes  in  which  inhibition 
plays  such  an  important  role,  interference  with  the  oculo- 
motor nerveB  as  in  the  case  of  the  spinal  motor  neurones 
of  which  they  are  the  analogues,  does  not  cause  true  nys- 
tagmus but  paralysis  of  ocular  movement.  And  eimilarly, 
Binee,  in  the  two  sets  of  reflex  arcB  involved  in  nystagmus, 
interference  with  the  efferent  arcs  of  the  final  common  path 
(ultimate  neurone)  upon  one  side  of  the  body  would  not 
cau&e  nystagmus,  but  rather  absence  of  the  related  element 
of  the  nyetagmue,  or  in  other  words  a  paralysis-  For 
these  reasons,  and  because  inhibition  is  so  frequently  de- 
pendent on  stimuli  originating  in  the  receptive  field  and 
transmitted  by  way  of  the  afferent  neurones  (Sherrington**) 
we  must  look  to  the  afferent  arcs  or  co-ordinating  centres 
in  the  cerebellum  as  the  chief  site  of  interference  in  the 
causation  of  nystagmus. 

As  these  aferent  arcs  originate  in  the  labyrinthine  and 
retinal  receptors,  and  possibly  in  portions  of  the  cerebral 
cortex,  it  is  evident  lesions  of  any  extent  within  the  cranial 
cavity  interfering  with  the  aft'erent  patlis  as  well  as  lesions 
of  verjr  limited  extent,  e.g.,  a  tiny  patch  of  sclerosis,  a 
small  exudate,  or  a  tiny  thrombus  or  embolus  in  the  cere- 
bellar co-ordinati  ng  centres,  may  cause  nystagmus.  Hence 
nystagmus  is  set  down  in  text-lxxiks  as  one  of  the  gen- 
eral symptoms  of  disturbed  cerebral  function.  The  ques- 
tion arises,  however,  as  to  why  nystagmus  is  so  seldom 
produced  by  irritation  or  ablation  of  the  cerebral  cortex. 
The  answer  is  that  such  nystagmus  is  occasionally  seen 
(Beevor  andHorsley  *°)  although  ordinarily  it  is  inhibited 
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a.  Narcosis ;  eyes  before  operation.  Cm  Cm 

b.  Removal  of  left  lateral  lobe  of  cerebellum.  fi^  f^\ 

c.  Lapse  of  some  days ;  eyes  in  normal  position.  (S)  (^V 

d.  Removal  of  frontal  ocular  area  of  right  hem-  ^^^  /'2\ 

isphere.  ^y  vj/ 


a.  Narcosis ;  eyes  before  operation.  /^      /^ 

b.  Extirpation  of  left  lateral  lobe  of  cerebellum.     ^\     /J\ 
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c.  Lapse  of  few  days ;  eyes  in  normal  position. 


d.  Removal  of  frontal  ocular  area  of  left  hem-     /^\      /'^ 
isphere.  W      \j4 

330  —       >^ 


r 


Theoretically  nystagmus  can  be  produced  only  by  in* 
terference  with  the  co-ordinating  mechanisrae  of  ocular 
movement.  As  nystagmus  is  a  highly  co-ordinated  move- 
ment effected  by  alternating  reflexes  in  which  inhibition 
plays  such  an  imi>ortant  role,  interference  with  the  oculo- 
motor nerves  as  in  the  case  of  the  spinal  motor  neurones 
of  which  they  are  the  analogues,  does  not  cause  true  nys- 
tagmus but  paralysis  of  ocular  movement.  And  similarly, 
since,  in  the  two  sets  of  reflex  arcs  involved  in  nystagmus, 
intt^rference  with  the  efferent  arcs  of  the  final  common  path 
{ultimate  neurone)  upon  one  side  of  the  body  would  not 
cause  nystagmus,  but  rather  absence  of  the  related  element 
of  the  ny&tagmufl,  or  in  other  words  a  paralysis.  For 
these  reasonSj  and  because  inhibition  is  so  frequently  de- 
pendent on  stimuli  originating  in  the  receptive  field  and 
transmitted  by  way  of  the  afferent  neurones  (Sherrington**) 
we  must  look  to  the  afferent  arcs  or  co-ordinating  centres 
in  the  cerebellum  as  the  chief  site  of  interference  in  the 
causation  of  nystagmus. 

As  these  afferent  arcs  originate  in  the  labyrinthine  and 
retinal  receptors,  and  possibly  in  portions  of  the  cerebral 
cortex,  it  is  evident  lesions  of  any  extent  within  the  cranial 
cavity  interfering  with  the  afferent  paths  as  well  as  lesions 
of  very  limited  extent,  e.g.,  a  tiny  patch  of  sclerosis,  a 
small  exudate,  or  a  tiny  thrombus  or  embolus  in  the  cere- 
bellar co-ord inati  ng  centres,  may  cause  nystagmus.  Hence 
nystagmus  is  set  dowTi  in  text-books  as  one  of  the  gen- 
eral symptoms  of  disturbed  cerebral  function.  The  ques- 
tion arises,  however^  as  to  why  nystagmus  is  so  seldom 
produced  by  irritation  or  ablation  of  the  cerebral  cortex. 
The  answer  is  that  such  nystagmus  is  occasionally  seen 
(Beevor  and  Horsley  *")  although  ordinarily  it  is  inhibited 
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and  was  undoubtedly  due  to  heightened  irritability  of  the 
ampullary  receptors  of  the  superior  and  horizontal  canals 
caused  by  the  local  inflammation.  The  local  application 
of  ice  checked  the  nystagnnis  and  helped  to  soothe  the 
severe  gaatric  irritability.  The  child  went  on  with  the 
struggle  which  wns  a  prolonged  one.  The  disease  spread 
all  over  the  ecalp  and  body  with  the  formation  of  numerous 
abscesses,  but  eventually  ended  in  complete  recovery. 
Here  again,  perhaps,  we  must  recognize  lack  of  cerebral 
development  coupled  with  cerebellar  instability  as  the 
fundamental  fact^or  resulting  in  a  manifest  quantitative 
disproportion  betwe<3n  effect  and  cause,  the  latter  in  this 
instance  being  of  necessity  a  trivial  difference  of  tempera- 
ture in  the  two  labyrinths  aided  perhaps  by  toxferaia. 
The  nystagmus  disappeared  inside  of  forty-eight  hours. 

Nystagmus  more  frequently  occurs  in  children  th^n  is 
usually  supposed.  Osier  and  Peterson  ^^^  have  reported 
three  cases  occurring  in  young  children  affected  with 
diplegia. 

It  is  possible  to  differentiate  nystagmus  of  central  cere- 
iDellar  origin  from  that  originating  in  labyrinthine  dis- 
turbances. Nystagmus  due  to  the  latter  has  always  a  fast 
and  a  slow  element,  and  the  movements  are  executed  about 
definite  axes  of  the  eyeball  corresponding  to  rottitions  or 
movements  in  fixed  and  definite  planes,  whereas  in  cere- 
bellar nystagmusj  e.g.,  frt^m  a  gross  destructive  lesion  in 
the  vennis,  the  movements  of  the  eyeball  are  apt  to  be 
irregular  in  that  they  occur,  not  about  any  axia  of  the  eye- 
ball, but  are  more  in  the  nature  of  irregular  oscillations 
back  and  forth,  or  circumduction  movements  of  the  eyeball 
as  a  whole.  There  is  an  irregular  inc^-ordinated  action  of 
all  or  part  of  the  muscles,  but  no  set  of  opjionents  work 
together  in  such  a  way  that  the  movements  could  l>e  said 
to  have  a  regular  fixed  direction  as  in  true  nystagmufl. 
Moreover,  voluntarily  turning  the  eyes  in  a  certain  direc- 
tion does  not  inhibit  the  movements  as  in  labyrinthine 
nystagmus,  though  it  may  diminish  them  to  some  extent 
or  develop  abnormal  movements.  However,  some  cases  of 
cerebellar  nystagmus  due  in  part  t-o  destruction  and  in 
part  to  irritation,  may  have  a  definite  direction  and  may 
be  exaggerated  by  turning  the  eyes  in  a  certain  direction, 
thus  resembling  labyrintliine  nystagmus,  but  in  the  case 
of  cerebeUsiT  nystagmus  there  is  alw^ays  some  element  which 


would  be  atypical  for  labyrinthine  nystagmus  as  ehowri 
by  the  reactions  to  aural  irrigtitiona,  rotations  and  galvan- 
ism. Tims  in  one  ease  due  to  a  syphilitic  deposit  in  the 
vicinity  of  the  vermis,  there  being  no  cerebral  or  cranial 
nerve  symptoms,  the  nystagmus  was  of  the  vertical  type 
and  was  not  affected  by  lying  do^ni.  On  looking  up,  the 
eyes  were  steady,  but  on  looking  toward  the  feet,  the  eye- 
halls  began  to  jerk  upward  toward  the  vertex  which  is  oi>- 
posed  to  all  experience  in  the  nystagmus  of  labyrintliine 
origin.  VV'itli  this  nystagmus  there  was  an  "empty  feel- 
ing" all  over  the  body  on  the  right  side,  but  with  no 
paralysis  and  no  disturbance  of  the  reflexes  or  loss  of 
cutiineouB  sensation.  There  was  slight  inco-ordi nation  in 
the  right  hand  movements  as  compared  with  the  left.  Ly- 
ing in  l>ed  with  the  eyes  closed  and  directed  toward  the  feet^ 
there  was  experienced  a  sense  of  rotation  in  the  mesial 
plane  "occiput  first."  Sitting  up  with  the  eyes  closed, 
there  was  exjierienced  a  sense  of  rotation  about  the  long 
axis  from  right  to  left.  The  hearing  was  good  on  lK>tli  sides, 
and  there  were  no  noises  in  the  ears.  All  combinations  of 
aural  irrigiitions  were  tried,  with  the  subject  in  the  supine 
posture.  Bilateral  irrigations  at  61^  F.  caused  tlie  eyes  to 
jerk  furiously  lx>th  on  looking  up  and  down,  whereas  bi- 
lateral irrigations  at  116°  F.  caused  the  eyes  to  jerk  upward 
upon  looking  toward  the  vertex,  but  absolutely  stopped  all 
motion  upon  look  i  ng  to  i vard  the  feet.  Th  ese  symptom  s  and 
signs  made  prohahle  the  diagnosis  of  a  lesion  affecting  the 
posterior  portion  of  the  middle  lobe  of  the  cerebellimi  and 
extending  somewhat  to  the  left  from  tiie  middle  line,  the 
piiresis  in  the  muscles  being  in  this  instance  in  the  inferior 
recti.  The  peculiar  mimb  empty  feeling  on  the  right  side 
of  the  body  extended  from  the  head  to  the  foot,  A  simi- 
lar feeling  was  noted  in  aural  irrigations  but  it  never  ex- 
tended much  below  the  head  and  neck.  This  symptom 
secerns  to  be  characteristic  of  cerebellar  disturbance  and 
should  be  carefidly  studied  in  everjr  case  before  being 
chissed  as  merely  one  of  the  parsesthesiSB.  Another  curious 
symptom  this  patient  presented  was  amenorrhcea  for  a 
period  of  one  year.  Her  menstrual  flow  returned  two  weeks 
after  the  commencement  of  mercurial  inunctions  coupled 
with  imlido  of  potassium  internally.  The  amenorrhea 
was  probably  only  indirectly  associated  witli  the  cerebellar 
lesion.     Formerly  the  cerebelluiii  was  sup^iQsed.  U^  ^s^o^^- 


ologiats  to  be  functionally  related  to  the  sexual  organs, 
Ferrier  ^  in  his  experiments  found  nothing  to  support  such 
a  view.  In  the  present  instance  the  amenorrfuDea  waa 
merely  the  result  of  general  ill-health  and  anfemia  conse- 
quent upon  the  syphilitic  infection. 

The  importance  of  the  labyrinthine  mechanisms  in 
equilibration  has  long  been  recognized  by  physiologists. 
We  have  seen  the  scope  and  nature  of  some  of  their  rela- 
tions in  this  respect.  We  have  also  seen  that  they  have 
impcjrtant relations  with  ocular  movements,  and  with  cir- 
culatory and  respiratory  as  well  as  with  gastric  and  intes- 
tinal function.  Their  delicacy  as  evinced  in  the  foregoing 
experiments,  and  the  possibility  of  latent,  hereditary,  or 
acquired  defect,  coupled  with  their  imix^rtant  and  exten- 
sive relations,  give  these  mechanisms  a  new  inii)ortance 
in  the  etiology  and  treatment  of  neurasthenias^  both  local 
and  general,  as  well  as  of  the  various  neuroses,  and  espe- 
cially those  aseociated  with  disturbed  gastric  function. 
The  behaviour  of  the  stomach  in  rotations  and  in  aural) 
irrigations,  points  to  these  cerebellar  and  labyrinthine 
mechaniaras  as  a  possible  factor  in  the  etiology  of  hyper- 
trophic stenosis  of  the  pylorus  in  infants  and  adults. 

The  relations  of  the  cerebellum  to  the  cerebrum,  are 
not  so  clearly  defined,  but  there  is  enough  evidence  to  show 
the  existence  of  importtint  afferent  and  efferent  cereljellar 
paths  between  these  two  organs.  This  is  a  further  reason 
for  according  the  cerebellum  and  its  mechanisms  an  im- 
portant role  in  the  etiology  of  neuroses  and  neurasthenias, 
in  which  hurry  andTestlessness,  both  physical  and  psychic, 
are  such  features.  Migraine  also  is  undoubtedly  related  to 
some  defect  in  the  cerebellar  mechanisms,  and  the  fact  that 
it  is  said  to  yield  to  hypnotic  suggestion,  can  prol>ably 
be  explained  by  the  afferent  and  efferent  relations  between 
the  cerebellum  and  the  cerebrum.  The  impoi-t-ance  of  the 
afferent  cerebellar  paths,  especially  those  associated  with 
the  eye  and  ear,  should  be  constantly  reniem leered.  A 
trifling  defect  in  cither  of  these  organs,  although  in  time 
it  may  be  compensated,  may  be  sufficient  to  impair  the 
automatic  mechanisms  to  such  an  extent  that  the  individ- 
ual has  to  devote  an  undue  amount  of  concentration,  time, 
and  energy  J  to  the  perfoniianee  of  ordinarj^  acts.  The 
result  is  a  handicap  for  th^  individual,  and  i>erhap8  ira- 
pturment  of  the  general  hetilth. 


PART  III 

SEASICKNESS 


On  December  27^  1908,  observations  of  the  circulation 
and  blood-pressure  were  taken  aboard  the  ebeamship 
Taurus.  The  round  trip  lasted  about  eight  hours.  The 
weather  was  mild,  but  there  was  sufhcieBt  rolling  and 
pitching  to  affect  subject  *^B"  who  was  very  susceptible, 
and  yet  not  enough  to  interfere  directly  with  the  correct 
observation  of  the  blood-pressure,  or  indirectly  by  neces- 
sitating balancing  efforts  on  the  part  of  the  subject.  See 
protocols  at  the  end  of  Chapter  XXIX. 

Protocol  1  shows  the  results  of  observations  made  on 
this  trip.  After  the  start,  there  were  signs  of  reaction  on 
the  part  of  the  circulatoiy  mechanisms  resembling  those 
seen  after  mild  rotations  and  aural  irrigations.  The  first 
portion  of  the  protocol  represents  the  condition  of  the  cir- 
culation after  the  exertion  and  excitement  of  trying  to 
catch  the  lx>at.  After  a  time,  however,  the  blood-pressure 
and  pulse-rate  fell  steadily  as  the  result  of  fatigue  of  the 
vaao- constrictor  mechanisms  (not  well  shown  in  the  proto- 
col because  the  bhxKl- pressure  was  not  taken  sufficiently 
often)  and  of  stimulation  of  the  vagus  centre.  The  slow 
pulse-rate  shown  between  10  a.m.  and  11  a.m.  is  very 
unusual  for  this  particular  subject,  and  imdoubtedly  rep- 
resents mild  vagus  stimulation.  The  recovery  of  the  vaso- 
constrictor mechanism  from  12,30  p.m.  on,  w^hen  the  boat 
was  at  rest  and  the  machinery  8topj>ed  is  worthy  of  note. 
The  chief  symptoms  experienced  by  the  subject  were  a 
slight  h<3adache,  and  the  familiar  ^'queor  feeling  all  over" 
which  wti8  present  only  at  times.  In  addition  to  these 
there  were  slight  disturbances  of  the  nervous  system,  as 
manifesb^d  by  disinclination  for  work,  irritability  of  tem- 
per, and  a  consciousness  of  the  respiratory  movements. 
Long,  deep  inspi rations  were  a  matter  of  frequent  occur- 
rence. 


SEASICKNESS 


On  April  4,  1909 J  another  trip  wae  made  upon  the 
steamsiiip  A  ngkr.  On  this  occasion  frequent  observations 
on  the  pulse-rate  and  blood-pressure  were  made.  The  trip 
histed  alwut  seven  hours  and  a  hidf.  The  weather  was 
mild,  but  there  was  enough  motion  to  produce  the  subjec- 
tive phenomena  of  seasickness  in  ite  early  and  milder 
phases.  The  nervous  manifestations  were  headache,  with 
fidness  and  lightness  in  the  he^d,  parassthesife  of  the  scalp, 
e8i>eoially  a  sense  of  tension  in  the  oceipital  region,  psy- 
chic imd  motor  depression,  irritability  of  temper,  disin- 
clination for  work,  perversion  of  senBory  function,  whereby 
the  respiratory  and  gastro- intestinal  movements  were 
registered  in  consciousness,  perversion  of  the  sense  of 
smell,  whereby  the  odotir  of  tobacco-smoke,  agreeable  under 
ordinary  circumstances,  became  obnoxious,  photophobia, 
and  annoyance  from  the  use  of  the  eyes,  especially  in  look- 
ing at  the  moving  water  (fatigue  of  the  oculo-motor  ap- 
paratus). 

The  changes  in  the  circulation,  aa  shown  in  protocol  2, 
were  not  striking,  nevertheless  they  show  the  characteristic 
reaction  of  the  circidatory  system  to  repeated  irritation  of 
the  medullary  centres,  and  though  milder  in  degree,  re- 
semble those  changes  so  constantly  met  with  in  rotations 
and  aural  irrigations.  All  through  the  trip  the  vaso-motor 
mechanism  was  in  a  constimt  sttite  of  activity  in  response 
to  mild  stimulation  of  the  labyrinthine  receptors.  The 
movements  of  the  boat  were  not  of  sufficient  abruptness 
and  range  to  cause  overirritation  with  subsequent  exhaus- 
tion. Hence  the  protocol  shows  rather  an  enhancement  of 
the  circulation,  with  a  slowing  of  the  pulse,  the  latter  in 
great  part  the  result  of  mild  stimulation  of  the  cardiac 
vagus  centre.  These  observations  show  that  even  in  the 
presence  of  unimpaired  circulation,  all  the  subjective  phe- 
nomena of  seasickness  may  be  present.  It  follows,  there- 
fore, that  the  prime  cause  of  seasickness  is  not  impaired 
circulation,  although  profound  changes  in  the  circulatioii 
may  J  and  usually  do,  occur  in  any  given  case. 

Digestive  disturbances  appeared  early.  The ''lump- 
sensation^'  in  the  stomach — i.e.,  a  feeling  as  if  a  foreign 
body  were  in  that  organ,  is  one  of  the  early  symptoms  of 
seasickness,  just  as  it  is  in  the  sickness  of  rotations  and 
aural  irrigations.     This  symptom  results  in  part   from 


Senaoiy  perversion,  and  in  part  from  overactivity  of  the 
niiiscles  of  the  Btomach,  both  of  which  are  in  turn  to  be 
attributed  to  irritation  of  the  medullary  and  cerebral  cen- 
tres. On  different  occaaions  the  stomach  was  evacuated 
and  irrigati3d,  to  determine  the  cause  of  thie  ^'lump-Ben- 
sation. "  In  many  instances  a  mass  of  mucus  was  re- 
covered, but  thie,  though  of  importance  as  a  secondary 
factor,  could  not  be  considered  the  prime  cause,  as  it  fre- 
quently happened  that  no  such  disturbing  element  waa  to 
be  found  within  the  stomach,  and  where  such  was  founds 
the  symptom  often  pei-sisted  after  ita  removal.  In  sup- 
port of  this  view,  may  he  cited  the  concomitant  slowing 
of  the  pulse  in  seasickness  and  in  rotation-  and  irrigation- 
aieknesa,  as  well  as  the  vaso-motor  changes,  nausea,  in- 
creased salivation,  yawning,  deep,  sighing  respirations, 
and  other  symptoms,  all  of  which  point  to  disturbed  func- 
tion in  the  medullary  centres. 

On  May  80,  1909,  further  observations  were  made  on 
the  steamship  Angler,  The  trip  lasted  about  eight  and  a 
half  hours,  during  which  obeervations  on  the  pulse-rate 
and  blood-pressure  were  made  almost  constantly.  The 
results  are  recorded  in  protocol  8.  The  weather  was  mild. 
There  was  rather  more  motion  to  the  boat  than  on  the 
previous  occasions.  An  early  start  was  made  for  the  boat, 
so  as  to  avoid  the  effects  of  rush  and  hurry  upon  the  cir- 
culation. No  food  had  been  taken  since  the  previous 
night,  eo  that  a  test  meal  could  be  given,  and  observations 
made  on  the  functions  of  digestion,  etc.  The  figures  re- 
corded down  to  10.24  a.m,  show  but  little  effect  upon  the 
circulation,  and  yet  the  subject  experienced  most  of  the 
gymptoms  of  eeasicknesa  of  mild  grade,  e.g. ,  "hirap-sensa- 
tion"  in  the  stomach,  increased  secretion  of  saliva,  bead- 
ache,  fulness  in  the  head,  dizziness,  pain  in  the  eyes,  dis- 
inclination for  work  or  effort  of  any  kind.  The  figures 
from  10.24  to  12.88  p.m.  show  practically  the  same  thing, 
although  there  was  considerable  rolling  of  the  boat  during 
this  period.  The  subjective  symptoms  were  increased. 
Food  was  taken  with  the  result  tiat  it  subsequently  caused 
pain  in  the  stomach.  Occipital  headache  and  pain  in  the 
back  of  the  neck  upon  the  right  side  were  features  of  this 
period. 

The  blood-pressure  showed  a  slight  downward  tendency. 


SEASICKNESS 


From  12.38  imtil  2,  vasc-rnotor  fatigue  was  in  evidence, 
with  a  sbfiftdy  dtii^line  in  blood-prtJSRure,  The  pulse-rate 
was  increaBed  to  meet  the  faikire  of  the  vaso-uiotor  system. 
The  Bubjective  symptoms  of  this  period  iiichided  nausea, 
headftchfl,  panesthesite  of  the  scalp,  irritability  of  temper, 
muscular  weakness  and  tremorB.  Eructations  were  fre- 
quent. Between  2  and  8.B5  there  was  general  fati^e, 
and  especially  fatigue  of  the  vatjo^motor  mechanism  with 
the  puiae-rate  moderately  increased.  The  subjective  eymp- 
toms  persisted,  causing  geneml  wretchedness.  About 
8.50,  there  was  a  tendency  to  recovery  on  the  part  of  the 
vaso-motor  mechanism,  with  a  drop  in  the  pulse-rate. 
The  general  condition  of  the  circulation  was  fair,  and  yet 
the  subject's  condition  wiis  far  from  g(x>d.  The  symptoms 
were :  pain  in  the  muscles  of  the  back  of  the  neck,  upon 
the  right  side,  extending  up  into  the  occiput,  general 
weakness,  and  sweating,  *  Mump-sensation/ '  eructations, 
dull  ache  in  the  eyeballs.  All  through  the  trip  the  artc^ries 
were  alternately  contracting  and  dilating.  The  general 
effect  upon  the  circulation  was  to  induce  fatigue,  with  a 
consequent  fall  in  the  blo^jd-pressure.  An  Ewald  break- 
fast was  given  subject  "B, "  and  allowed  to  remain  in  the 
stomach  1  hour  and  54  minutes.  The  K  I  absorption  test 
showed  iodin  in  the  saliva  in  54  minutes.  The  motility 
test  showed  salol  in  the  intestine  in  2  hours  and  2  min- 
utes. The  amount  of  chyme  recovered  was  aJxjut  5V i. 
This  had  to  l>e  computed,  as  the  subject  vomited  on  in- 
troduction of  the  stomach-tube.  Analysis  of  the  filtered 
gastric  juice  showed  total  acidity,  .13%  by  weight;  free 
HCl,  .05%;  combined  HCi,  .00%-  A  tr^ice  of  blood  was 
found  in  the  chyine,  as  the  result  of  straining  and  con- 
gestion during  the  vomiting.  There  was  no  other  abnor- 
mality. Analysis  after  a  t'est  meal  given  to  subject  '*S" 
on  the  same  trip  and  retained  1  hour  and  12  minutes 
showed:  total  acidity,  .8(3%;  free  HCl,  .20;  combined 
HCl,  .09,  with  the  K  1  test  positive  in  12  minutes,  and 
the  salol  test  positive  in  1  hour  and  7  minutes.  This 
subject,  however^  has  little  susceptibility — ^at  least  he  is 
not  affected  in  weather  sucli  as  that  which  prevailed  oa 
this  occasion.  Moreover^  he  is  by  times  a  boatman  and 
**  follows  the  water"  as  a  business. 
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Analysis  of  specimen  taken  May  30,  1909,  from  subject  "B" 
aboard  the  Angler.  Ewald  meal  taken  on  fasting:  stomach 
at  8.30  a.m.  and  withdrawn  at  10,24.  Amount  of  chyme, 
5vL  Resorcin  test  for  free  HCl  positive ,  but  feeble  reac- 
tion : 


Tot.  acidity,  38.  or.  13%  by  wt. 
Free  HCl,  14,  or  .05%  by  wt 
Comfa'd  HCl,  18.or.067o  by  wt 
Total  HC],  32.  or  .11%  by  wt. 
Acid  salts,  6,  or  .02%  by  wt 
Lactic  acid,  absent. 
Peptonizing"  enzymea,  dimin- 
ished. 


Other  enzymes,  normal 
Starch,  absent. 
Amylodextrin,  absent 
Erythrodextrin,  trace. 
Maltose,  present 
Bile,   absent 

Bloodj    present  in  small   amt 
Mucus,  very  small  amount 


Analysis  of  specimen  taken  May  30,  1909,  from  subject  "S" 
aboard  the  Angler,  Ewald  meal  ingested  at  8.30  a.m.  on 
fasting  stomach;  withdrawn  at  9.42.  Amount  of  chyme 
|iii.     Resorcin  test  for  free  HCl  positive. 


Tot  acidity,    lOO,  or  .36%  by 

wt 
Free  HCl,  72.  or  .26%  by  wt 
Comb'd  HCl,   26,  or  .09%  by 

wt 
Total  HCl,  98,  or  .35%  by  wt 
Acid  salts,  2,  or  .007%  by  wt 
Lactic  acid  (direct  and  ether), 

absent 


Enzymes,  normal. 
Starch,  absent 
Amylodextrin,  present 
Erythrodextrin,  present 
Maltose,  present 
Bile,  absent 
Blood,  absent 
Mucus,  very  little. 


On  Mfty  81,  1909,  a  trip  lasting  one  hour  was  made  in 
the  motor  launch  Maggie.  Observations  on  the  pulse  and 
blood-pressure  were  made  almost  continiiouBly  through- 
out the  trip. 

Protocol  4  shows  the  results.  The  Bubject  ''B'*  was 
somewhat  fatigued  before  the  start.  There  was  little  in 
the  way  of  a  swell  upon  the  water,  and  yet  the  boat  pit-ched 
and  rolled  somewhat.  The  circulation  all  through  the  trip 
showed  slight  fluctuations,  hut  the  arteries  nevertheless 
were  constantly  contracting  and  dilating.  At  times  the 
blood-pressure  was  rather  low,  but  this  was  in  part  due  to 
previous  fatigue.  Even  in  the  fresh  breeze,  there  were 
some  subjective  symptoms,  such  as  *Mump-sensation"  in 
the  stomach,  and  a  "queer  sick  feeling"  in  the  head,  as 
well  as  deep,  long  drawn  breathe  and  eructations.  These 
symptoms  were  present  in  spite  of  the  fact  that  the  sub- 
ject was  not  feeling  badly.  In  the  second  half  of  the  trip, 
tbe  pulse-rate  showed  a  tendency  to  slowing,  in  spite  of 


the  low  blood-presBare.     Note  at  the  commencement  of  the 
protocol,  the  effect  of  recumbency  upon  the  circulation, 
when  vaso-motor  fatigue  has  supervened. 
The  conclusiona  are : 

1.  That  in  the  beginning  of  Heasiekness,  the  blood- 
pressure  may  show  slight  changes,  the  effects  in  general 
being  a  slight  rise. 

2.  That  the  arteries  are  constantly  contracting  and 
dilating,  the  tendency  in  general  being  toward  a  state  of 
contraction. 

B.  That  the  pulse-rate  varies  eomewhat  with  the  con- 
traction and  dilatation  of  the  arteries,  the  chief  feature 
being  a  tendency  to  slowing,  with  some  rhythmic  irregu- 
larity. 

4.  That  cerebral,  gastric  and  other  *' dolors"  occur 
Bimultaneouely  with  unimpaired  or  even  with  enhanced 
circulation. 

5.  That  digestive  disturbances  even  in  the  milder 
phases  of  seasickness  set  in  early j  and  form  an  important 
and  constant  feature  in  the  train  of  phenomena, 

6.  That  the  phenomena  of  eeasickness  seem  identical 
with  those  of  rotation-and  aural- irrigation-sickness. 

7.  That  disturbed  circulation  is  not  the  prime  cause 
of  seasickness. 

8.  That  gastric  and  circulatory  diBturbancee,  however 
much  they  may  contribute  as  secondary  causes  to  the  phe- 
nomena of  seasickness,  are  not  the  prime  cause,  but  are 
themselves,  together  with  the  psychic  and  motor  depression 
and  the  other  phenomena,  the  result  of  irritation  of  the 
medullary,  cerebellar  and  cerebral  centres. 


On  June  26,  1909^  a  trip  was  commenced  from  New- 
York  to  Glasgow,  on  lx>ard  the  steamship  Caledonia  of 
the  Anchor  Line.  Observations  of  the  circulation  were 
made  at  frequent  iiiter\^alB  during  each  day.  The  passage 
was  not  rough,  there  being  just  enough  motion  to  afford 
an  ideal  opportunity  of  testing  the  prolonged  effects  of 
mild  irritation  upon  the  nervous,  circulatory  and  digestive 
median i ems.  Protocol  5  shows  the  effects  of  the  first  day's 
sailing  upon  the  blood-pressure  and  pulse.  Almost  im- 
mediately after  the  start,  typical  eyrnptoms  of  mild  sea- 
sickness set  in.  The  boat  started  at  2.22  p.m.,  and  by 
8  o'clock  the  subject  experienced  the  familiar  *Mump- 
sensation"  in  the  stomach,  increased  salivary  flow,  per- 
verted sense  of  smell  (the  odour  of  tobacco-smoke  being 
offensive),  occipital  headache,  especially  in  the  region  of 
the  right  mastoid  and  paraBstheBite  of  the  scalp  (e.g., 
'  *  cap' '  sensation) .  With  these  there  were  eructati  ons  and 
a  considerable  decline  in  blood -pressure^  with  increased 
pulse-rate.  These  phenomena  are  imdoubtedly  character- 
istic of  Beaaickness,  but  there  was  practically  no  motion 
to  the  boat  which  could  produce  such  ejrroptoms,  for  we 
were  scarcely  out  of  the  harbour  and  the  sea  was  as  cahn 
as  a  lake.  An  explanation  of  the  syraptoraB  therefore  has 
to  be  sought  elsewhere.  The  subject  was  an  old  victim 
of  the  sea,  having  crossed  the  ocean  alx>ut  fifty  times,  and 
never  once  without  suffering  from  seasickness  in  one  form 
or  another.  On  one  occasion  he  had  an  experience  which 
throws  considerable  light  on  the  phenomena  just  dt-tailed. 
He  had  been  in  the  habit  of  crossing  in  the  smaller  boats 
of  the  Anchor  Line,  and  had  come  to  the  conclusion  that 
tlie  emji^oxeg  were  not  the  most  favouTalde  tinics  for  go- 
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ing  to  sea.  On  this  occasion,  however,  circumstances 
compelled  him  to  cross  in  the  beginning  of  April,  and  a 
cabin  was  secured  in  the  steamship  Asioria^  which  was  a 
comparatively  small  boat.  The  date  of  sailing  was  fixed 
for  Sunday,  and  on  Saturday  afternoon  a  visit  was  made 
to  inspect  the  boat.  It  was  a  dismal,  dreary  day.  Every- 
thing was  hurry  and  bustle  with  the  crew.  Things  were 
in  a  state  of  chaos  on  board,  as  might  be  expected.  The- 
stewards  were  scurrying  about  without  uniforms,  the 
decks  were  in  disorder,  and  everything  was  so  differ- 
ent from  the  conditions  that  obtain  on  the  open  sea,  where 
orderliness,  discipline,  and  white,  sx>ntleRB  deokg  are  the 
rule.  The  appearance  of  things  was  distinctly  discourag- 
ing. This,  coupled  with  the  thought,  that  at  that  par- 
ticular time  of  the  year,  a  rough  passage  was  to  l>e  ex- 
pected, greatly  depressed  the  pn)8pective  traveller.  In 
such  a  frame  of  mind  he  w^ent  below,  to  insj>ect  his  cabin. 
The  odour  and  glfx>m  between  decks  overjxjwered  him  to 
such  an  extent  that  he  became  dizzy  and  nauseated,  and 
experienced  much  of  the  distress  that  is  associated  with 
genuine  seasickness.  In  fact  at  each  step  on  the  deck, 
the  latter  seemed  to  sink  beneath  his  feet,  as  with  a  gentle 
roUing  motion,  and  with  all  the  tantiilizing,  sickening 
effects  that  such  a  motion  can  have  upon  the  seasick  brain. 
The  subject  left  the  boat.  His  seasickness  persisted,  how- 
ever j  for  quite  some  time  as  he  travelled  honiewaid  by 
street-car.  It  should  be  mentioned  that  although  the  sub- 
ject is  very  susceptible  to  seasickness,  he  is  not  at  all 
affected  by  the  motions  of  trains  or  street-cars.  The  out- 
look for  the  journey  was  dismal.  From  past  experience 
he  knew  that  but  little  food  would  pass  his  lips  during 
the  coming  eight  days.  However,  he  grimly  determined 
to  make  the  most  of  it,  and  so  set  about  eating  as  much 
as  he  could  conveniently  digest,  with  the  hope  of  storing 
his  organs  with  an  available  supply  of  energy  for  the 
days  of  privation  to  come.  Heavy  meals  were  the  order 
of  the  day  even  to  the  minute  the  boat  sailed.  Finally 
the  journey  was  commenced,  and  now  all  the  feasting  was 
over,  and  nothing  remained  but  to  wait.  The  passage 
was  a  very  rough  one.  Most  of  the  passengerg  were  dread- 
fully ill  for  days,  but  not  this  one,  who,  although  slightly 
i^ected^  never  missed  making  an  appearance  at  meal-time* 


In  fact  it  was  the  least  disagreeable  passage  he  had  ever 
had.  It  should  l^e  stated,  however,  that  the  weather  was 
very  cold,  and  the  subject ^s  cabin  well  ventilated  during 
the  whole  journey.  Thia  experience  opens  up  the  ques- 
tion of  the  influence  of  the  imagination  in  the  etiology  of 
seasickness.  Unquestionably  the  imagination  playa  an 
important  part.  Coupled  witJi  eubconacious  memories  of 
past  experiences,  it  may  be  a  powerful  factor,  and  is  al- 
ways an  important  secondary  source  of  dlBcomfort.  It 
must  not  be  considered,  however,  as  the  primary  cause  of 
seaeicknese.  The  phenomena  of  the  early  part  of  this  first 
day's  sailing  on  the  Oaiedonia  may,  therefore,  be  attrib- 
uted to  fatigue  and  excitement  backed  by  strong  subcon- 
scious memories  and  by  present  impressions  and  associa- 
tions. And  here  once  and  for  all,  impressionability  ia  to 
be  distinguished  from  fear,  for  in  spiUi  of  his  experiences 
of  the  sea,  the  euhject  was  never  afraid  of  seasicloiess  and 
never  *'gave  in*'  to  it,  as  the  exprejision  goes. 

After  dinner,  at  7  p.m.,  the  absorption  and  motility 
tests  were  tried.  A  positive  reaction  for  iodin  in  the 
saliva  was  found  in  2  hours  and  17  minutes,  whilst  ealol 
was  foimd  to  be  present  in  the  intestine  in  2  hours  and 
22  minutes.  Absorption  evidently  occurred  only  after 
food  has  passed  into  the  intestine,  for  all  through  the 
tests,  the  salivary  flow  was  free. 

Toward  night  there  were  still  present:  headache,  and 
** lump-sensation'*  in  the  stomach  and  throat.  The  cir- 
culation was  very  much  depressed,  on  account  of  vaso- 
motor fatigue  induced  in  part  by  heat  and  exhaustion, 
and  in  part  by  the  motions  of  the  ship.  The  behaviour 
of  the  circulation  upon  lying  down  as  shown  in  protocol 
6,  where  the  pulse-rate  suddenly  makes  an  extensive 
downward  excursion,  whilst  the  blood-pressure  makes  a 
correspondingly  sudden  and  extensive  upward  excursion, 
indic-ates  exhaustion  of  the  vaso-motor  apparatus,  the 
dynamics  of  the  circulation,  especially  the  return  flow  to 
the  heart,  being  favoured  mechanically  in  reciunbency. 
Such  variations  of  pulse-rate  and  blood-pressure  when 
represented  in  charts,  show  divergent  and  overlapping 
curve  1*:h>p8  which  are  common  features  of  seasickness 
and  of  circulatory  fatigue  in  general  and  which  afford  ar\ 
important  clue  as  to  the  method  of  treatments 
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The  urine  daring  tliiaday  was  rather  heavy,  the  speci- 
fic gravity  at  different  times  being  L0B6,  and  1.088,  with 
a  marked  reaction  for  glyciironic  swld.  The  amount  passed 
was  low,  considering  the  liberal  amount  of  fluid  taken 
during  the  day.  The  warm  weather  and  free  sweating 
were  factors  in  the  diminished  amount  of  urine,  though 
the  disturbed  circulation  undoubtedly  pUyed  a  part.  On 
the  day  previous  to  sailing,  the  urine  showed  a  specific 
gravity  of  1.080  with  no  glycuronic  acid  or  merely  a  trace. 

During  the  first  night  at  eea  the  subject  slept  fairly 
well  but  was  disturbed  by  dreams. 

June  27th.  — The  subjective  eymptoms  were  very  mild  on 
this  day,  and  were  perhaps  to  bo  attributed  to  the  hot 
weather,  and  to  general  fatigue  as  nnich  as  to  the  motions 
of  the  boat.  The  digestive  symptoms  were  tliose  of  the 
* 'lump-sensation"  in  the  stomach  and  throat,  which  was 
present  at  various  times  during  the  day,  and  eructations. 
The  absorption  test  showed  iodin  in  the  saliva  in  21 
minutes  after  the  midday  meal.  The  motility  test  was 
not  tried,  because  there  were  still  traces  of  salicyluric  acid 
in  the  urine  since  the  test  of  the  previous  day.  Occipital 
headache  waa  present,  with  a  tired  feeling  about  the  eyes* 

Protocol  6  shows  the  effects  upon  the  circulation. 
The  blood-pressure  was  rather  low,  even  after  a  fair  night's 
rest  and  the  morning  cold  tub.  The  pulse-rate  and  blood- 
pressure  indicate  vaso-motor  exhaustion,  whilst  the  steady 
drop  in  the  pulse-nite  indicates,  in  the  presence  of  low 
blood-pressure,  irritation  of  the  vagus  centre. 

The  urine  on  this  day  was  somewhat  increased,  the 
specific  gravity  at  different  times  being  1.084,  1.030,  and 
1.028,  with  a  less  marked  reaction  for  glycuronic  acid. 

June  28th. — On  this  day  the  notes  make  no  mention  of 
subjective  symptoms.  The  urine  had  increased  in  amount, 
and  was  about  the  normal  for  this  particular  subject. 
The  specific  gravity  at  various  times  was  1.028,  1.024, 
and  1.020,  A  mere  trace  of  glycuronic  acid  was  present. 
Regular  meals  were  eaten  and  caused  no  trouble.  The 
bowels  were  constipated  from  the  beginning  of  the  journey, 
so  that  cascara  sagrada  was  taken  on  retiring. 

Protocol  7  shows  a  decided  improvement  in  vaso-motor 
tonus  due,  in  part  perhaps,  to  the  effects  of  the  cold 
plunge,  and  the  general  tendency  of  the  vapo-motor  syt»tem 
tQ  recover  under  the  influence  of  cooler  weather.    The  fig- 
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uree  indicating  the  pulse-rates  and  blood-preeguree,  when 
represented  in  chart  form,  showed  lees  divergence  of  the 
curve  loops  upon  lying  down.  The  blood-preseure  was 
well  maintained  under  the  influence  of  improved  vaso- 
motor tonus.  The  pulse-mte  was  uniformly  low.  The  ef- 
fect of  sound,  refreshing  sleep  is  well  shown,  the  pulse  and 
pressure  curves  running  along  uniform  and  parallel  lines* 

June  20th. — This  was  a  coldj  foggy  day.  The  ship 
commenced  rolling  during  the  night,  and  continued  to  roll 
all  through  the  day.  The  result  was  a  return  of  the  sub- 
iective  symptoms,  viz.,  * 'lump-sensation"  in  stomach, 
mlnesB  and  lightness  in  the  head,  occipital  headache,  flush- 
ing of  the  face,  aching  and  heaviness  about  the  eyes,  ful- 
ness in  the  ears,  para^sthesise  of  the  scalp,  psychic  and 
motor  depression,  and  irritability  of  temper  with  a  ten- 
dency to  worr}''  alxjut  trifles. 

Protocol  8  shows  the  effects  upon  the  circulation. 
There  was  a  return  of  the  vaso- motor  exhaustion,  which 
the  coldplimge  did  not  apprise iably  benefit.  There  was  a 
return  also  of  the  diverging  and  converging  curve  loops, 
representing  the  pulse-rates  and  blood-presaures,  notwith- 
standing the  coldness  of  the  weather,  and  a  thorough 
evacuation  of  the  bowels.  The  porthole  w^aa  closed  all 
day,  but  in  spite  of  this  fact  the  temperature  of  the  air 
in  the  cabin  was  rather  low. 

After  the  midda}^  meal,  tbe  absorption  and  motility 
tests  were  made.  The  ealol  and  K  1  reactions  appeared 
simultaneously  in  2  hours  and  16  minutes. 

The  urine  was  normal  in  amount  and  specific  gravity, 
the  latter  being  at  various  times  1.020,  1.022,  etc. 

June  SOth. — On  this  day  the  ship  rolled  and  pitched 
considerably,  especially  from  the  early  afternoon  on  into 
the  night.  The  subject  feltvery  weU  m  the  forenoon,  but 
as  time  went  on,  the  eympUuiis  of  mild  seasickness  re- 
turned, with  slight  headache  J  and  a  feeling  of  duliiess  and 
heaviness.  The  '* lump-sensation"  was  present  in  the 
stomach  and  throat,  and  with  it  a  feeling  of  fulness  and 
lightness  in  the  head.  At  times  there  was  a  feeling  as  if 
**the  top  was  being  raised  off  the  head*  ^*  The  saliva  waa 
increased,  and  the  eyes  ached.  There  was  fulness  in  the 
enre,  and  a  burning  sensation  in  the  stomach.  The  ab- 
sorption teist  was  tried  after  the  midday  meal,  and  iodin 
|ouq4  in  the  saliva  in  8  hours  and  24  minutes. 
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At  6.80  p.m.,  dinner  was  over.  There  was  consider- 
able rolling  and  pitching  during  the  whole  evening.  The 
motions,  however^  were  slow  and  regular.  The  subject 
experienced  no  bad  fettling,  but  gradually  all  the  phenom- 
ena of  difiturbed  digestion  appeared,  with  increased  secre- 
tion of  saliva^  "  lunip-senBation"  in  the  throat  and  stom- 
ach, ringing  in  the  ears,  fulness  in  the  head,  etc.  At 
11  p.m.,  the  contents  of  the  stomach  were  removed, 
and  that  organ  irrigated.  A  burning  sensation,  present 
before  irrigation,  persisted  in  spit/e  of  the  latter.  Analy- 
sis showed  the  presence  of  a  moderate  excess  of  mucus 
and  of  lactic  acid  with  total  acidity,  .18%  by  weight,  free 
HCl  .IB,  and  combined  HCl  .05. 

Analysis  of  specimen  taken  June  30th  from  subject  "B."  In- 
g-ested  at  6  p.m.  a  meal  consisting  of  macaroni,  brown 
bread  with  butter,  1  cup  of  tea,  and  some  marmalade.  With- 
drawn at  11  p.m.  Amount  of  chyme  3iv,  but  a  large 
amount  was  lost  by  vomiting.  Resorcm  teat  showed  the 
presence  of  free  HCl. 


Tot.  acidity,   52,  or  .18%  by 

wt. 
Free  HCl,  38,  or  ,13%  by  wt. 
Comb'd  HCl,   14,  or  .05%  by 

wt. 
Tot.  HCl.  52.  or. 18%  by  wt 
Acid  salts,  — . 

Lactic  acid  (direct),  present. 


Starch,  absent. 
Amylodextrin,  absent. 
Erythrodextrin,  present. 
Achroodextrin,  present. 
Maltose,  present. 
Peptones,  present. 
Bile,  absent. 
Blood,  absent. 
Mucus,  moderate  excess. 


Absorption  and  motility  tests  not  made. 

The  condition  of  the  circulation  during  the  day  ia 
shown  in  prot-ocol  9-  In  the  early  part  of  the  day  the 
vaso-motor  tone  was  fair,  the  response  to  the  cold  plunge 
being  fairly  good-  As  the  day  wore  on,  howeverj  and  es- 
pecially with  the  onset  of  the  subjective  symptoms  and  of 
disturbt^d  digestion^  the  vaso-motor  mechanigm  showed 
evidence  of  fatigue,  with  lowered  blood-presBur©  and  in- 
creaeed  piilfle-rate. 

The  urine  on  this  day  was  normal   in  amount.     Th< 
specific  gravity  at  various  times  was   1.018,  1.016,  and' 
1 .018.     The  subjtK^t  wa*i  tak ing  lluids  f  re<^ly .     The  weather 
was  no  longer  very  wann,    consequently  there  was  less 
sweating. 

July  let. — The  boat  rolled  and  pitched  considerably 
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throughout  the  night.  It  was  interesting  to  find  that  even 
whilst  the  subject  was  lying  in  bed,  the  motions  of  the 
boat  produced  their  usual  characteristic  effects  in  disturb- 
ing the  organic  functions,  but,  as  in  rotations  and  aural 
irrigationSj  these  disturbances  did  not  cause  nausea,  vom- 
iting, and  the  usual  extreme  wretchednesB,  so  long  as  the 
subject  lay  quietly  in  bed.  All  the  suljjective  phenomena 
of  seasickness  were  present  on  tliis  day,  the  subject  being 
too  ill  to  take  breakfast.  Especially  noticeable  were  the 
parceethesise  of  the  scalp  over  the  right  side  of  the  occiput^ 
and  within  the  right  ear  in  which  there  was  a  numb  feel- 
ing as  if  there  was  an  exudation  within  the  tympanum. 

Pnjtocol  10  shows  the  extreme  circulatory  depression 
due  to  vaso-niotor  exhaustion,  the  i-esult  of  rolling  and 
pitching  during  the  night.  The  vaso-motor system  failed 
to  respijnd  properly  to  muscular  exertion,  e.g.,  chinning 
the  bar.  The  respirations  were  increased  to  24  per  min- 
ute, doubtless  as  a  compensation  for  the  demoralized  cir- 
culation and  as  a  direct  aid  to  the  labouring  heart. 

At  10.18  a.m.,  an  Ewald  test  meal  was  given  on  the 
fasting  stomach.  The  absorption  test  showed  iodin  in 
the  saliva  in  28  minutes.  The  stcimach  contents  were  re- 
moved at  11.85  a.m.  The  amount  of  chyme  recovered 
was  5ii-  It  contiiined  a  considerable  amount  of  thick, 
ropy  mucus,  and  toward  the  end  some  pure  blood.  The 
stomach  was  irrigated  when  more  mucus  was  removed  and 
with  it  some  more  fresh  blood.  The  analysis  of  the  gastric 
contents  showed:  total  acidity,  .087%  by  weight;  free 
HCI  absent;  combined  HCl,  .065. 


Analysis  of  specimen  taken  from  "B,"  July  lat,  Ewald  break- 
fast ingreated  at  10.18  a.m.  Withdrawn  at  11.35  a.m. 
Amount  of  chyme  311.  Evidence  of  groaa  blood.  Resorcin 
teat  showed  absence  of  free  HCl. 


Tot  acidity.   24.  or  ,087%  by 

wt 
Free  HC1»  absent. 
Comb'd  HCl.  18.  or. 065%  by 

wt 
Tot.  HCU  18,  or  ,065%  by  wt. 
Acid  salts,  — — . 

Lactic  acid  (direct),  trace. 


Starch,  abaent. 
Amylodextrin,  trace. 
Erythrodextrin,  present. 
Achroodextrin,  present, 
Mafto&e,  present. 
Peptones,  present. 
Bile,  absent. 

Mucos,  considerable  amount. 
Blood,  present. 

The  K  I  absorption  teat  showed  iodin  in  the  saliva  in  28 
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minutes.  The  salol  motility  test  was  not  made.  The  ui-ine 
was  somewhat  diminished  on  this  day.  The  specific  gravity 
was,  at  various  times,  1.018,  1.016,  and  1.010. 


The  day's  experience  shows  how  it  is  possible  for  an 
individual  at  sea  to  retire  at  night  feeling  in  gorxi  general 
condition  and  to  wake  up  in  the  morning  with  the  circu- 
latory and  digestive  mechanisms  thoroughly  demoralized, 

July  2d.— This  was  a  gloomy  day,  but  the  weather  was 
not  very  rough.  There  was  much  rolling  and  pitching, 
however,  and  all  the  subjective  phenomena  of  seasickness 
were  experienced. 

Protocol  11  shows  the  effects  upon  the  circulation. 
Some  observations  upon  the  blood-pressure  and  pulse-mte 
of  subject  "S"  are  shown  for  comparison  in  protocol  11a, 
The  circidation  was  similarly  affected  in  both  individuals. 
In  both  there  was  evidence  of  vaso-motor  exhaustion. 

Again  it  is  to  be  noted  that  the  cold  tub  had  no  last- 
ing l^neficial  effects  upon  the  vaso-motor  mechanism^  so 
that  it  is  a  question  whether  cold  bathing  is  not  ham^ful 
in  these  cases  in  which  the  vaso-raotor  eystemis  exhausted 
from  irritatit^n  of  the  medullaiy  centres.  Indeed  subject 
^'B"  had  knoi\Ti  from  long  experience  that  the  morning 
cold  tub  always  seemed  to  aggravate  rather  than  to  help 
tlie  subjective  phenomena  of  seasickness.  After  the  even- 
ing  meal  at  6.21  p.m.,  the  absorption  test  was  tried  and 
iodin  was  not  found  in  the  saliva  in  8 J  hours,  except  for 
a  fleeting  faint  reaction.  However,  the  saliva  reacted 
strongly  for  iodin  on  the  next  morning. 

The  urine  on  this  day  was  nomml  in  amount.  The 
specific  gravity  at  various  times  was  1.010,  1.018,  and 
IJM).  At  4. 10  p.m,  the  urine,  with  a  specific  gravit}^  of 
1,020,  showed  the  presence  of  sugar.  Only  the  test  with 
Fehling'a  solution  was  tried,  but  using  every  precaution 
the  conclusion  was  that  the  reducing  agent  was  sugar. 
The  previous  raeal  was  taken  at  2.45  p.m.,  and  consisted 
of  pea  soup,  Jvi,  boiled  codfish,  311,  potatoes,  a  larg€ 
amount,  one  cup  of  coffee  with  milk  and  sugar,  2  currant 
cakes  (sweet).  At  5.50  p.m.,  the  sugar  had  disappeared 
from  the  urine.  This  meal  contained  an  unusual  excess 
of  sugar.  The  glycosuria  was  therefore  in  part  at  least  of 
the  alimentary  tyi>e. 


July  8d.— The  weather  on  this  day  was  rather  mild, 
Tlie  ship,  however,  rolled  and  pitched  considerably.  All 
the  subjective  phenomena  of  Beasicknees  were  again  ex- 
perienced. Before  breakfast  the  stomach  was  irrigated, 
and  found  to  contain  mucus  and  some  blood.  Protocol 
12  Bhowa  the  effects  upon  the  circulation.  There  was 
marked  vaao-motor  exhaustion.  Protocol  12a  shows  simi- 
lar effects  upon  the  circulation  in  subject  *'S.  '^  At  1.39 
p.m.  a  meal  was  taken,  consisting  of  consomme  goup,  jiv; 
roast  mutton,  about  5 ii J  potatoes,  a  fair  amount;  water, 
liii ;  sago  pudding,  Jii;  1  cup  of  coffee  and  2  pieces  of  cake 
with  sugar  t<jps.  The  ship  was  rolling  considorablj  and 
the  "lump-sensation"  was  much  in  evidence.  The  sub- 
ject slept  for  about  20  minutes  during  the  afternoon. 
The  effect  of  sleep  is  shown  in  the  protocol,  2. SI  p.m.  to 
2.51.  At  6.li5  p.m. ,  the  stomach  contents  were  withdrawn. 
The  amount  of  chyme  recovered  was  3  ii .  It  was  sour  smel  1- 
ing,  and  mixed  with  considerable  mucus.  Anal3^sia 
showed:  totid  acidity,  .18%;  free  HCl,  .09;  combined 
HCl,  .07.  The  motility  test  showed  the  presence  of  salol 
in  the  intestine  in  1  hour  and  25  minutes. 

Analysis  of  apficimen  taken  July  3d  from  subject  "B."  In* 
grested  at  1.39  p.m.  a  meal  aa  detailed  above.  Withdrawn 
at  5.35  p.m.  Amount  of  chyme,  5ii.  Resorcin  test  showed 
the  presence  of  free  HCL 


Tot   acidity,    58.   or  .18%  by 

wt. 
Free  HCl.  26,  or  .09%  by  wt 
Comb'd  HCl   20,  or  .07%  by 

wt 
Tot  HCi.   46,  or  ,16%  by  wt 
Acid  salts,  12,  or  .04%  by  wt 
Lactic  acid  (direct),    present. 


Starch,  absent 
Ainylodextrin,  absent 
Erythrodextrin,  present. 
Maltose,  present 
Peptones,  present. 
Bile,  absent. 

Mucus,    considerable  amount 
Blood,  trace. 


I 


The  K  I  absorption  test  was  not  made.  In  subject  "S"  the 
salol  test,  which  wag  tried  by  way  of  control,  reacted  in  2  hours 
and  40  minutes.  The  urine  was  normal  in  amount  on  this  day. 
The  specific  grravity  at  various  times  was  1.024,  1.020,  1.022, 
and  1.006.    There  was  neither  sugar  nor  glycuronic  acid  present 


July  4th. — Moville  was  reached  early  on  this  morning. 
By  7  a.m.,  the  Irish  pa^ssengerB  had  l>een  sent  ashore, 
and  the  ship  was  on  its  way  to  Glasgow.  The  weather  was 
clear,  but  cold.     There  wtis  a  mtjderate  amount  of  rolling. 
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Even  on  thia  day,  some  of  tho  subjectivo  phenomena  of 
BeaBickneea  were  present. 

Protocol  13  shows  the  condition  of  the  circulation. 
Evidentfy  the  vaso-motor  system  showed  some  evidence  of 
recovery,  for  after  the  morning  cold  tub,  there  was  a  fair 
reaction,  which  persisted  for  at  least  half  an  hour.  How- 
ever, circulatory  insufficiency  appeared  immediately  when 
the  least  exertion  was  made,  such  as  attempting  to  *'pack 
up"  to  go  ashore. 

Although  inactivity  and  hot  weather  may  have  been  at 
times  responsible  for  the  conditions  represented  by  the 
figures  in  the  protocols,  yet  these  could  not  have  been  the 
chief  cause  of  the  circulatory  and  digestive  disturbances, 
as  particular  care  was  taken  to  see  that  tho  subject  got 
sufficient  exercise  in  the  open  air;  and  moreover,  circula- 
tory depression  was  present  even  when  the  weather  waa 
cold.  The  circulatoiy  conditions  on  this  day  must,  there- 
fore, be  attributed  in  part  to  the  failure  of  recovery  of  the 
vaso-motor  mechanism  from  the  previous  depression,  and 
in  part  to  the  effects  of  the  motion  of  the  lx>at,  and  the 
jarring  of  the  ship's  machinery.  It  is  interesting  to  note 
that  very  little  motion  or  vibnition  suffices  to  protract  the 
vaso-motor  exhaustion,  or  rather  to  prevent  recovery  of  the 
mechanisms. 

At  6.58  a.m.,  an  Ewald  breakfast  was  given  subject 
* ' S"  by  way  of  control.  The  stomtich  contents  were  re- 
moved at  8. 10  a.m.  The  amount  of  chyme  was  Jiii,  w^ith 
a  moderate  amount  of  mucus.  Analysis  showed:  total 
acidity,  ,17%  by  wt. ;  free  HCl,  .11,  and  combined  HCL 
.04. 

Analysis  of  ip^cimen  taken  from  subject  "S"  July  4th.  Ewald 
breakfast  ingrested  at  6.58  a. m.,  withdrawn  at  8.10  a.m. 
Amount  of  chyme »  liii.  Resorcin  test  showed  the  presence 
of  free  HCL 


Tot  acidity,  48,  or  .17%  by  wt. 
Free  HCl,  32.  or  .11%  by  wt. 
Combed  HCl.   12.  or  .04%  by 

wt. 
Tot  HCl,  44,  or  .15%  by  wt. 
Acid  salts,  4,  or  .01%  by  wt. 

Lactic  acid,  mere  trace. 


Starch*  absent. 
Amylodextrin,  trace. 
Erythrodextrin,  present 
Maltose^  present. 
Peptones,  present 
Bile,  absent 

Mucus,  moderate  amount 
Blood,  absent 


Absorption  and  motility  testa  not  made. 


It  18  interesting  to  note  that  this  individual's  total 
acidity  and  free  HCl  were  confiidorably  reduced  as  com- 
pared with  hie  normal  condition,  whilst  the  condition  of 
hie  circulation  was  as  much  aHected  as  that  of  subject 
*'B,'*  as  shown  in  protxrxjols  11,  11a,  12,  and  12a.  The 
circulatory  mechanisms  of  subject  ^'S"  also  showed  on 
the  slightest  effort,  marked  exhaustion,  which  lying  down 
did  not  seem  to  relieve  as  promptly  as  it  did  in  the  caae 
of  subject  "B,"  From  extensive  and  repeated  observa- 
tions of  these  two  subjects,  the  conclusion  was  reached 
that  one  of  them,  viz.,  subject  "B,  ■ '  the  one  on  whom  the 
observations  were  chiefly  made  during  this  voyage,  jwa- 
sessed  a  keen  and  effective  vaso-motor  apparatus  and  a 
oomparatively  weak  and  irritable  heai-t,  whilst  the  other 
(subject  "S")  had  a  strong  and  efficient  heart  nmecle, 
but  a  comparatively  feeble  vaso-motor  mechanism.  These 
facts  were  apparent  in  other  ways.  Thus  in  subject  ''B'^ 
cold  air,  or  cold  bathing  had  always  a  wonderful  effect  in 
bracing  the  circulation,  except  w^hen  the  neuro-vascular 
mechanism  was  in  a  state  of  exhaustion  from  constant 
overstimulation,  as  occurred  at  times  during  the  voyage. 
In  subject  "S^'  the  effect  of  cold  was  to  produce  a  chill, 
with  blueness  of  the  surfacOj  and  without  any  evidence  of 
the  tonic  hyi>er£emia  of  the  skin  such  as  was  always  ob- 
served in  subject  "B,"  The  inefficiency  of  the  neuro- 
vascular mechanism  in  this  individual  '*S"  accounts  for 
the  fact  that  in  him,  as  compared  with  subject  '*B,  *'  there 
was  a  less  marked  rise  of  blood-pressure  noted  upon  lying 
down,  although  tlie  pulse-rate  fell,  as  in  subject  '*B,  *'  to 
the  nonual.  See  prottjcols  11^  11a,  12,  and  12a.  It  ap- 
pears that  this  difference  in  the  neuro-vascular  mechanism  a 
was  in  part  at  least,  what  rendered  the  one  with  the  less 
efficient  vaso-motor  apparatus  less  susceptible  to  the  effects 
of  rotation  and  aural  irrigation,  and  tx)  galvanism  over 
the  mastoid  areas.  The  effects  of  prolonged  constant  irri- 
tation of  tlie  medullary  centres,  such  as  occurs  in  condi- 
tions obtaining  at  sea,  were  sufllcient  to  l^eget  vaso-motor 
exhaustion,  and  when  the  latter  supeiTened  its  effect  upon 
the  circulation  was  ven^  marked^  causing  an  almost  con- 
tinuous overlapping  of  the  blood-pressure  and  pulse- rate 
curves.  This  difference  in  the  sensitiveness  of  the  neuro- 
vascular mechanism  of  different  individuals,  coupled  with 
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the  varying  eenaitivenesa  of  the  Iftbjrrinthine  receptors, 
tlmms  ctmsidemble  liglit  ii^wn  the  vaiying  susoeptibility 
of  individuals  to  seasickness.  The  considerable  rise  in 
blood- pi*es8ure  that,  upon  lying  down,  constantly  occurred 
in  subject  *'B"  was  due,  no  doubt,  to  increased  blood- 
supply  in  the  medullary  centres  ]>rw;ured,  in  the  first  in- 
Btance,  by  recumbency  ivhich  aided  the  return  flow  to  the 
right  heart.  The  impr€>ved  circulation  in  the  medullai 
with  the  increased  supply  of  nutrition,  eo  enhanced  the 
niet^ibolic  processes  in  the  centres,  that  a  certain  amount 
of  vat?o-niotor  tonus  resulted.  Hence,  in  looking  over  the 
IDrotoeole,  it  will  be  seen  that  frequently  the  radial  artery 
IB  in  a  more  or  less  firm  state  of  contraction  with  the  sub- 
ject in  recumbency. 

At  8. 15  p.m.  the  passengers  were  landed  at  Stobcrosa 
Quay,  Glasgow.  The  condition  of  the  circulation  imme- 
diately improved,  as  shoi^Ta  in  protocol  IS.  There  waa 
evidence  of  improved  vaso-raotor  tonuSj  though  of  course 
all  the  effects  of  vaso-motor  exhaustion  had  not  worn  off. 


July  5th, — The  general  improvement  of  the  circulation 
on  shore  is  further  shown  in  protocol  14.  Improved  vaso- 
motor tonus  was  manifested  bj  the  manner  in  which  the 
circulation  was  maintained  in  the  erect  posture  without 
undue  overact  ion  on  the  part  of  the  heart.  It  was  ap- 
parent, however,  that  the  recovery  of  the  vaso-motor 
mechanism  was  as  yet  by  no  means  complete.  At  7.58 
p.m.,  the  steamship  Ti.gei\  of  Duke's  Line,  bound  for  Dub- 
lin, was  boarded.  Even  before  the  boat  started,  there  was 
evidence  of  loss  of  vaeo-motor  tone,  due  in  part  tc  failure 
of  recovery  from  the  effects  of  the  ocean  voyage,  and  in 
part  to  the  exertions  made  to  catc^h  the  boat.  Moreover, 
the  cabin  was  rather  warm.  When  the  lx>at  started,  sub- 
jective phenomena  soon  appeared.  The '  *  hunp-sensation ' ' 
was  in  evidence,  with  fulness  in  the  heady  occipital  head- 
ache, fulness  in  the  ears,  parafsthesia?  of  the  scalp,  in'ita- 
bility  of  temper,  worrisomeness,  etc.  The  condition  of 
the  circulation  during  the  journey  ia  shown  in  protocol  14a. 
There  was  evidence  of  loss  of  vaso-motor  hme.  These  ob- 
servations show  that  aft^r  seasickness,  the  n:<;overy  of  the 
circulation  takes  place  slowly.  They  also  show  that  it  re- 
quires very  little  in  the  way  of  motion  or  jolting  to  cause 
a  return  of  the  malady  with  its  vaso-motor  exliaustion, 
and  circulatory  depression.  Here  it  may  be  remarked  that 
the  vestibulo-cerebellar  mechanisms  of  an  individual  may 
become  accustomed  to  the  motions  of  a  large  ship,  so  that 
going  to  sea  on  that  particular  ship  or  ]>erhaps  on  another 
ship  of  equal  size,  would  not  occasion  seasickness,  whilst 
if  such  an  individual,  believing  himself  immune,  Avere  to 
ship  in  a  smaller  vessel,  the  difference  in  the  rate  and 
rhythm  of  the  movements  would  be  sufficient  to  cause  pro- 
found illness.  And  such  was  actually  the  experience  of  a 
sailor  who,  upon  first  going  to  sea,  shipped  in  a  large 
boat.     He  went  to  sea  for  fully  six  months  before  he  '*got 
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over  being  sick,'*  After  renmining  with  the  same  ehi] 
for  fifteen  ye^irg,  he  made  a  change  and,  Bhipping  in  a 
smaller  veesel,  found  that  he  became  eeasick  every  time 
he  went  to  sea.  It  took  him  several  months  for  his  ves^ 
tjbulo'cerebellar  mechanisms  to  become  attuned  to  the 
movements  of  the  second  vessel. 

During  this  trip  the  weather  was  fair,  but  the  boat 
being  veiy  much  smaller  than  tiie  Calcfkmia^  and  the  rate 
and  range  of  its  movements  so  different,  very  little 
motion  showed  marked  effects  upon  the  labyrinthine 
mechanisms.  Moreover,  the  jolting  and  vibration  due  to 
the  machinery  of  the  boat,  were  more  in  evidence. 

The  K  I  absor]>tion  test  was  tried  at  9,15  p.m.,  and 
iodine  was  found  in  the  saliva  at  10.24  p.m. 

On  July  0th,  at  7  a.m.,  tlie  North  Wall,  Dublin,  was 
reached,  the  condition  of  the  circulation  Iwing  as  shown 
in  pmt<X'ol  14a.  There  is  evidence  of  vaao-motor  fatigue 
even  after  a  fair  night *8  rest. 

July  10th. — On  this  day  a  trip  from  Dublin  to  South- 
ampton was  commenced  on  l>oard  the  steamship  Lady 
WolseUtj^  of  the  British  imd  Irish  Steam  Packet  Co.  The 
boat  fitartjed  at  4.54  p.m.  During  the  few  days  spent  in 
Dublin,  8ubji3ct  '*B"  indulged  rather  freely  in  alcoholic 
liquors.  His  chief  drink  was  Bass's  ale  and  Guinness 'a 
stoutj  although  occasionally  he  t4:x>k  whiskey  and  soda. 
Up  to  this  time  no  alcohf»l  had  been  taken  by  him  for 
over  a  year.  Before  boarding  the  lx>at  he  had  ttiken,  dur- 
ing the  day,  eight  bittles  of  stout,  and  one  whiskey  an< 
soda.  Plenty  of  time  was  allowed  to  prepare  for  the' 
journey,  so  that  there  should  l>e  no  hurry,  which  might 
mar  the  observations  on  the  blood-pressure.  Just  as  the 
boat  started,  the  circulation  showed  a  marked  degree  of 
depression,  as  indicAt4^din  protocol  15a.  This  depression 
was  chiefly  the  result  of  vaso-motor  {and  ijcrhaps  cardiac) 
inefficiency,  due,  in  part  pf^rhaps,  to  the  effects  of  alcohol. 
It  is  worthy  of  note  that  the  pulse-rate  did  not  fall  when' 
the  subject  lay  down.  This  shows  well  the  action  of  alcM> 
hoi  upon  the  card ii> vascular  mechanism,  and  wherein  it 
differs  from  the  effects  of  mere  fatigue,  in  which  the  heart 
enjoys  considerable  rest  when  the  subjftct  is  in  recunil:>ency, 
a  ihing  not  permitted  by  an  excess  of  ah4>hol  cirtiulating 
in  the  blood.     The  inference  is,  that  whilst  within  limits, 
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exertion  may  be  a  good  thing  for  the  heart,  by  etimula- 
tiBg  the  nutrition  of  ite  muscle,  the  kind  of  work  thrown 
upon  the  heart  by  overindulgence  in  alcohol  is  never 
beneficial,  but  the  reverse,  as  the  rapid  rate,  even  when 
resting  in  recumbency,  does  not  permit  sufficient  time  dur- 
ing diastole  for  the  processes  of  proper  tnetalxjlic  inter- 
change. These  things,  in  addition  to  tlie  direct  effect  of 
alcohol  ujwn  the  heart^stracture  itaelf,  lead  to  rapid  de- 
terioration and  degeneration  of  the  muscle. 

During  tlie  early  evening  the  water  was  calm,  but 
about  9  p.m.  the  boat  rolled  and  pitched  somewhat. 
The  *  4ump-8en8ation'*  in  the  stomach  reappeared  and  with 
it  dizziness,  increased  saliva,  etc.  The  subject  began  to 
feel  very  tired,  as  people  will  who  overindulge  in  alcoholp 
It  was  a  great  relief  to  lie  down. 

The  circulation  during  this  period  of  the  journey 
showed  fatigue  of  the  whole  card io- vascular  mechanism. 
The  respirations  were  24,  with  the  subject  feeling  sleepy 
and  very  nerv^ous. 

July  11th. — During  the  night  the  weather  became  very 
rough.  The  ship  rolled  and  pitched  in  an  extraordinary 
fashion.  Everything  in  the  stateroom  was  hurled  about, 
so  that  demoral  ization  and  d isorder  prevailed.  When  sub- 
ject '*B"  awoke  at  4  a.m.,  and  whilst  he  still  lay  in 
bed,  the  motion  of  the  ship  made  him  dhzy  and  sick.  He 
was  lying  with  his  head  toward  the  bow,  and  with  the 
right  side  next  to  the  water  in  an  outside  berth.  The 
* 'lump-sensation"  in  the  stomach  and  throat  was  so 
marked,  that  he  constantly  kept  "swallowing  to  keep  it 
down.'^  He  experienced,  in  this  position,  a  slight  ache 
in  the  muscles  attached  to  the  occiput  upon  the  right  side. 
Any  concentration  or  mental  effort  was  disagreeable,  and 
tended  to  make  him  sick.  The  subject  lay  upon  either 
side  to  see  if  the  position  would  have  any  effect  in  allevi- 
ating or  aggravating  his  condition.  It  was  noted  that 
although  lying  upon  the  side  made  him  feel  worse  than 
lying  on  the  back,  it  did  not  make  any  material  difference 
upon  which  side  he  lay. 

By  8.15  a.m.,  the  subject  was  suffering  from  all  the 
effects  of  fully  developed  seasickness.  The  '*  lump-sensa- 
tion' '  in  the  stomach  was  much  in  evidence.  The  stom- 
ach-tube was  introduced,  but  nothing  returned.     Water, 
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|vi,  was  now  swallowed  and  the  tiilie  reintroduced.  A  mass 
of  thick  tenacious  mucus  wiis  removed  and  with  it  Bome 
fresh  blood.  During  all  this  time  the  blood-pressure  was 
well  maintfl-ined,  partly  on  account  of  the  muscuhir  efforts 
made  in  btilancing.  At  7.30  a.m.  an  Ewald  breakfast  was 
given,  after  whith  the  subject  lay  in  lied,  in  order  that  he 
niEght  retain  it.  During  this  time  the  flhip  continued  to 
hjII  and  pitch  excessively.  The  subject  experienced  all 
the  subjective  phenomena  of  seasickness,  with  lump-sensa- 
tion in  the  stomach,  headache,  nausea,  increased  saliva- 
tion, psychic  and  motor  depression,  and  that  dreadful 
'  'dolor  cerebri"  familiar  to  all  who  have  suffered  from  sea- 
sickness. He  felt  and  acted  as  though  he  were  being 
dragged  to  execution  when  told  that  it  was  time  to  remove 
the  stomach  contents,  which  was  done  at  8. 80  a.m.  It  was 
a  diflicult  matter  tx)  get  the  chyme  through  the  tul>e,  which 
was  at  first  blocked  by  thick  mucus  with  blood  admixed. 
After  much  ado,  Jiv  were  removed.  Then  the  stomach 
was  irrigated,  and  more  mucus j  with  a  little  blood,  was  re- 
moved. The  subject  stated  that  his  stomach  felt  better 
after  the  irrigation.  Analysis  after  the  Ewald  meal 
showed:  total  acidity,  .06%  by  wt.,  freeHCl  absent,  com- 
bined HCl,  ,02, 

In  subject  '*S,"  who  vomit^Cid  the  cont>enta  of  his  rest- 
ing stomach,  analysis  showed :  total  acidity^  .04%  by  wt,, 
with  free  HCl  absent. 


Analysts  of  specimen  taken  July  11th  from  subject  **B, " 
Ingested  at  7,30  a.m.,  an  Ewald  breakfast.  Withdrawn  at 
8.30  a.m. 


Amount  of  chyme,  3iv. 
Reaction  (litmus) ,  faintly  acid. 
Free  HCl  (resorcin),  absent. 
Tot.  acidity*  18,or  .m%  by  wt. 
Free  HCl,  absent 
Combined  HCl,  12,  or  .02%  by 

wt. 
Acid  salts,  -* 

Lactic  acid    (direct),    abBent 

or  mere  trace. 
Starch,  absent 
Amylodextiin,  trace. 
Erythrodextrtn.  present 
Achroodextrin,  present 
Maltose,  present 


Coagfulating  enzymes  (chymo- 
sin^  etc.),  diminished  or  ab- 
sent. 

Coagtilating  zymogen  (chymo- 
sinogen),  diminished  or  ab- 
sent. 

Peptonizing  enzymes  (pepsin), 
diminished  or  absent 

Peptonizing-  zymogen  (pepsin* 
ogen),  diminished  or  ab- 
sent 

Bile,  absent 

Mucus,  considerable  excess. 

Blood,  present. 

Absorption  and  motility  tests 
not  made. 


Reaction,     famtly    acid 

mue). 
Free  HCl,  absent  (resorcin). 
Tot  acidity,  12,  or -04%  by  wt 
Free  HCl,  absent 
Combined  HCl,  absent. 

Tbe  amount  of  material  vonaited  was  about  |ii,  and  consisted 
mainly  of  mucus. 


Lactic  acid  (direct),  absent 
Starch,  absent. 
Amylodextrin,  absent 
Erythrodextrin,  absent 
Achroodextrin,  absent 
Maltose,  absent 


In  the  early  ftftemoon  the  sea  bocarae  calm,  and  both 
subjects,  after  lying  down  all  through  the  forenoon,  were 
able  to  appear  at  table. 

The  condition  of  the  circulation  in  subject  *'B"  dur- 
ing this  rough  tilt  is  shown  in  protocol  15b.  In  recum- 
bency the  blood-preesure  was  higher  than  usual,  due  in 
part  no  doubt,  to  the  nniscular  action  incidental  to  toss- 
ing about  in  bed.  In  the  erect  posture  it  was  difBcult  to 
determine  the  true  stiite  of  the  circulation,  on  account  of 
the  extreme  rolling  and  pitching.  Accurate  manipulation 
of  the  instruments  was  hampered,  whilst  efforts  at  balan- 
cing caused  eudden  and  frequent  variations  in  blood- 
pressure.  The  blood-pressure  figures  must  therefore  be 
xmderstood  as  representing  in  great  part  the  efifects  of 
muscular  exertion.  At  this  juncture  it  was  ev ident  that  the 
beettinie  to  study  the  circulation  in  seasickness  ia  not  dur- 
ing rough  weather,  but  ratber  under  milder  conditions 
and  in  the  lighter  phases  of  the  malady.  At  8.25  p.m. 
Falmouth  was  reached.  A  pleasant  stroll  was  enjoyed 
during  a  peaceful  afternoon.  The  effects  upon  the  circu- 
lation are  shown  in  protocol  15b.  There  was  improvement 
in  the  vaso-niotor  tone  as  evidenced  by  the  well-maintained 
pressure  in  the  erect  posture  with  lowered,  regular  pulse- 
rate.  The  subject  slept  on  the  boat  alongside  Fahuouth 
pier,  and  passed  a  fairly  good  night,  but  was  disturbed 
early  in  the  morning  bj^  the  donkey  engine  unloading 
cargo. 

July  12th.— At  9.18  a.m.  the  boat  started  for 
Plymouth.  The  weather  was  mild,  and  the  l>oat  quite 
steady.  The  subject  felt  well,  and  experienced  little  dis- 
comfort, excepting  a  slight  occipital  headache.  The  ma- 
chinery,   however,  was    responsible    for   much   jolting. 


Plymouth  TvaB  reached  abcmt  B  p,m.  During  the  after- 
noon, the  eiibject  strolled  about  the  ancient  town.  At 
6  p.m.  the  boat  sailed  for  Southampton.  The  weather 
was  calm,  and  beyond  a  slight  occipital  headache,  with  a 
little  congestion  of  the  face  and  head,  the  suhject  felt  no 
disagreeable  fivmptoms. 

At  7.  B8  p.m. ,  after  dinner,  the  absorption  t4?st  was  tried 
and  iodin  was  found  in  the  saliva  after  2  hours  and  7 
minutes.  During  this  t-est  the  boat  rolled  and  pitched 
somewhat ,  and  subject  '*B"  felt  the  'Mump-sensation" 
and  experienced  a  slight  fuhiess  in  the  head.  He  also  had 
a  transient  attack  of  dizziness.  The  circulation  was  fairly 
well  nmiutaiuHd,  as  shown  in  protocol  15c,  The  subject 
had  moderat-ely  indulged  in  ale  during  the  evening. 

July  13th. ^ — On  awaking,  the  subject  experienced 
slight  symptoms  of  indigestion.  The  circulation  sliowvd 
evident  signs  of  recovery,  as  seen  in  protocol  15d.  The 
overlapping  of  the  blood-pressure  and  pulse-rate  curves 
upon  first  standingup,  as  seen  at  5.57  a.m.,  illustrates  an 
interesting  feature  in  the  physiology  of  the  vaso-motor 
system.  When  an  individual  makes  a  muscular  effort 
without  thorough  psychic  concentration,  the  neuro- vascular 
apparatus  may  be  slow  in  responding  to  the  demands  of 
the  body  for  higher  blood- pressure.  The  result  is  that  the 
heart  has  to  make  up  with  increased  rate  for  the  tardy 
vaso-motor  action.  It  has  frequently  ha]ipened  with  sub- 
jfu^t  **B'*  that  in  walking  up  a  series  of  tliglits  of  stairs 
in  a  half-hearted  way,  but  nevertheless  at  a  fair  pace  and 
without  stopping,  the  heart-rate  wiis  enormously  increased, 
and  the  breathing  deep  and  lalwured,  whereas,  when  he 
roused  himseU  thoroughly  and  bent  himself  to  the  task 
of  running  up  the  same  stairs  at  a  brisk  trot,  lifting  hie 
feet  neatly  and  giving  free  play  to  the  muscles  of  his  wliole 
btjd}^,  the  heart-rate  was  only  moderately  increased  and 
the  auxiliary  circulatory  function  of  the  respi  ratory  mech- 
anism was  not  sc  much  invoked.  Tardiness  or  lethargy 
on  the  part,  of  the  neuro-vascular  mechanism  is  common 
in  many  diseased  conditions.  It  is  the  direct  result  of 
toxaemia  in  infectious  diseases,  and  it  is  to  its  effect's  in 
counteracting  this  lethargy  of  the  reflexes  that  cold  bath- 
ing w^ith  friction  owes  its  value  in  these  conditions. 

Lethargy  of  the  vaso-motor  mechanismj  and  of  the  r^ 


flexes  generally,  is  also  met  with  in  other  than  diseased 
CMHiditions,  e.g-,  in  the  waning  period  of  the  athlete's 
career  when  he  haa  to  '*  warm  up'  *  before  he  can  attain  his 
normal  speed  and  accuracy  of  movement. 

As  the  subject  dreesed,  he  felt  weak  and  nauseated. 
His  condition  was  attributed  more  to  the  Btuffy  cabin  and 
tlie  ale  he  had  taken  on  the  previous  night,  than  to  the 
effect  of  the  boat's  motion.  As  time  %vore  on,  the  feeling 
passed  o£f,  and  he  felt  very  well  ae  the  boat  glided  up 
Southampton  Water.  At  6.10  a.m.,  Southampton  was 
reached. 

At  11.50  p.m.,  the  first  of  a  series  of  trips  upon  the 
etearaship  Souihivestern,  running  between  Southampton 
and  Cherbourg,  was  commenced.  The  English  Channel 
has  a  world-wide  reputation  for  causing  seasickneeSj 
and  it  was  intended  to  make  the  moBt  of  every  oppor- 
tunity, 

July  14th.— At  12,24  a.m.  the  boat  started.  The  con- 
dition of  the  circulation  before  and  after  the  st^art  is 
ehown  in  protocol  16a.  There  was  evidence  of  recovery 
of  the  circulation  from  the  effects  of  the  previous  journeys. 
The  we-ather  was  mild^  and  the  water  in  a  still  calm.  The 
subject's  berth  was  situated  ab<jut  amidships,  and  trans- 
verse to  the  long  axis  in  such  a  manner,  that  his  head  was 
located  near  the  middle  of  the  boat,  with  his  feet  directed 
to  the  port  side.  On  awakening  at  6.80  a.m.,  the  lx>at 
%vas  pitching  furioiisly,  with  a  short,  snappy  motion  com- 
1  lined  with  a  slight  spiral  twist.  The  suliject  woke  up 
with  all  the  symptoms  of  seasickness,  viz.,  *' lump-sensa- 
tion" in  the  stomach,  with  nausea  and  increased  saliva- 
tion. He  was  very  nervous  and  apprehensive.  Lying  on  tlie 
back  gave  most  relief,  whilst  Ij^ing  upon  either  side  seemed 
to  make  him  sicker.  This  will  be  readily  understood  when 
it  is  rememl>ered  that  the  chief  motion  of  the  boat  con- 
sisted in  pitching^  which  affected  chiefly  the  horizontal 
semicircular  camils  in  the  position  in  which  he  lay. 

It  will  be  remembered  that  the  sheep,  with  the  vestib- 
ular nerve  divided,  lies  upon  the  side  of  ojieration.  In 
this  position  the  muscles  on  that  side  are  relaxed,  and  re- 
ceive little  or  no  cerebellar  t<inus  i  nnervation.  Since  these 
muscles  are  related  to  the  labyrinth  on  the  opposite  side, 
i.e.,  of  the  sound  side,  the  vestibular  mechanism  on  that 


side  nmy  be  said  to  be  quiescent  and  at  rest.  The  conse- 
quence IS,  that  the  muscles  of  the  sound  side  require  little 
or  no  vestibulo-cerebellar  tonus  to  counterbalance  their  re- 
laxed opponents.  Practically  no  demand  for  tonus  im- 
pulses is  therefore  made  on  the  peripheral  vestibular  ap- 
paratus on  the  side  related  to  these  muscles,  viz. ,  the  side 
on  which  the  vestibular  nerve  has  been  divided-  The  re- 
sult is,  that  the  animal  can  maintain  this  poeition  with- 
out suffering  the  tomiente  of  vertigo.  In  any  other  posi- 
tion there  would  be  a  demand  for  vestibular  tonus- impulses 
from  the  side  of  operation  and  failure  to  supply  them 
would  effect  a  break  in  the  balance,  with  disturbances  of 
equilibriumj  vertigo,  nystagmus,  etc. 

The  ciiae  of  subject  *'B''  is  somewhat  analogous. 
Turning  upon  one  side  sets  at  rest  the  labyrinth  of  the 
opposite  side.  Under  the  influence  of  active  stimulation 
of  the  ampullary  receptors  on  either  side  by  means  of  the 
boat's  motion,  this  position  is  by  no  means  one  of  stable 
equilibrium,  for  as  the  boat  pitches,  more  or  less  reflex 
muscular  activity  is  evoked,  with  resulting  tendencies  to 
disturb  the  equilibrium.  The  fact  that  the  muscles  of 
one  side  have  a  t^endency  to  be  relaxed  and  at  rest  by  lying 
on  that  sidCj  whilst  their  opponents  under  the  conditions 
of  active  labyrinthine  stimulation  are  not  permitted  to  be 
at  rest,  only  tends  all  tbo  more  t(3  dFiuse  a  disturlmn*.»e  of 
balance  between  the  opposing  nmscles  on  either  side. 
Under  these  circumsttinces^  the  effect  of  the  boat's  motion 
is  to  keep  up  a  conatiint  disturbance  of  the  vestibulo- 
cerebellar balanced  mechanisms,  with  resulting  discomfort 
and  distress  to  the  individual. 

At  7. 15  a,  m. ,  the  tube  was  passed,  but  nothing  was  re- 
covered from  the  stomat^h.  Irrigation  of  that  organ  was 
then  prnctisedj  and  a  quantity  of  thick  mucus,  mixed  with 
BotuG  fresh  bloodj  was  removed.  The  stomach  felt  better 
after  irrigation.  The  condition  of  thi3  circulation  during 
this  period  is  shown  in  protocol  lOa.  The  blood-pressure 
was  well  maintained,  but  this  was  in  part  due  to  the  mus- 
cular efforts  of  balancing.  The  vaso-mobor  tone  was  still 
deficient,  as  evidenced  by  the  increased  pulse-rate  neces- 
sary to  maintain  a  fair  blood-pressure.  At  7.20  a.m., 
the  boat  arrived  at  Cherbourg. 


SEASICKNESS 


B65 


On  the  evening  of  July  14th  the  absorption  test  was 
tried  on  ehore  aft-er  dinner.  The  saliva  reacted  for  iodin 
in  1  hour  and  10  minutes.  The  subject  "B"  had  some 
symptoms  of  indigestion,  and  was  very  nervous.  The 
night  was  close,  and  he  slept  but  little. 

July  15th.— After  dinner  the  absorption  test  was  again 
tried.  Iodin  was  found  in  the  saliva  in  1  hour  and  B5 
minutes, 

July  10th. — On  this  day  an  attempt  was  made  to  study 
the  immediate  effect  which  travelling  on  a  moving  train 
has  upon  the  circulation.  All  tliat  could  be  ascertained 
with  any  certainty^  was  that  the  peripheral  blood'vessela 
were  constricted  at  times,  and  the  blood-pressure  raised. 
Such  results  as  could  be  fairly  ascertained  are  shown  in 
protocol  16b. 

July  17th. — On  this  day  the  absorption  test  showed 
the  presence  of  iodin  in  the  saliva  in  2B  minutes. 

July  18th. — At  2  p.m,  lunch  was  taken,  consisting  of 
cold  rt^ast  beef,  potatoes,  vegetables,  bread  and  butter,  and 
coffee  with  milk  and  sugar.  At  7.20  p.m.  the  stomach 
contents  were  removed  and  the  stomach  thoroughly  irri- 
gated. At  7.50  p.m.  an  Ewald  test  meal  was  given. 
The  absorption  test  was  tried,  and  iodin  appeared  in  the 
saliva  in  10  minutes.  With  the  motility  test,  no  evidence 
of  salicyluric  acid  was  found  in  the  urine  as  late  as  9.22 
p.m.  At  9.05  p.m.  the  stomach  contents  were  with- 
drawn. The  amount  of  chyme  removed  was  ^ii.  Analysis 
showed  for  the  first  specimen,  i.e.,  the  one  taken  at  7.20 
p.m.,  or  5  hours  and  20  minutes  after  a  meat  lunch,  total 
acidity,  .210%  by  wt. ;  freeHCl,  .188;  combined  HCl,  .07; 
and  for  the  specimen  after  the  Ewald  meal :  total  acidity, 
.188%;  freeHCl,  .080;  combmedHCl,  .051.  It  was  found 
that  notwithstanding  the  irrigation  some  meat  from  the 
midday  meal  had  remained  in  the  stomach  during  the 
Ewald  meal. 

A  test  meal  was  given  subject  **S'*  by  way  of  control. 
In  his  ease  the  analysis  showed:  t-otal  acidity,  .299%  by 
wt. ;  freeHCl,  .21;  combined  HGl,  .07,  with  the  absorption 
te^t  showing  the  presence  of  iodin  in  the  saliva  in  15 
minutes.     The  motility  test  was  not  tried. 


SEASICKNESS 


Analysis  of  specimen  taken  July  18th  from  subject  "B."  In- 
g^ested  at  2  p.m..  lunch  consisting  of  cold  meat.  lettuce^ 
carrots,  potatoes,  coffee  with  milk  and  sugar,  and  bread 
with  butter.  Withdrawn  at  7.20  p.m.  Amount  of  chyme, 
|iv.     Reaorcin  test  showed  the  presence  of  free  HCl. 

Tot.  acidity,  60,  or  ,219%  by 

wt 
Free  HCl,  38,  or  .13%  by  wt. 
Comb'd  HCl.    20,  or  ,i)77c  by 

wt. 
Tot.  HCl.  58,  or  .20%  by  wt. 
Acid  salts,  2.  or  .0077o  by  wt. 


Lactic  acid  (direct),   present. 
Absorption  and  motility  tests 


Starch,  absent, 
Amylodextrin,  absent. 
Erythrodextrin,  absent. 
Achroodextrin,  absent. 
Maltose,  trace. 
Peptones,  present. 
Bile,  absent. 
Mucus,  minute  amount. 
Blood,  absent. 

not  made. 


Note.  The  chyme  contained  particles  of  lettuce  and  carrots' 
and  some  small  pieces  of  meat,  but  otherwise  it  was  fairly  nor- 
mal. 


Analysis  of  specimen  taken  July  18tfe  from  subject  "B."  In- 
gested at  7.50  p.m.  an  Ewald  test  meal.  Withdrawn  at  9.05 
p.m.  Amount  of  chyme,  ^ii.  Resorcin  test  showed  the 
presence  of  free  HCl. 


Tot.  acidity,  38,  or  .13%,  by  wt. 
Free  HCl.  22,  or  .08%  by  wt. 
Comb'd  HCU   36,  or  .13%,  by 

wt. 
Acid  salts,  2.  or  .007%  by  wt 

Lactic  acid  (direct)*  trace. 
Starch,  absent. 


Amylodextrin,  absent. 
Erythrodextrin,  present. 
Achroodextrin,  present* 
Maltose,  present. 
Peptones,  present 
Bile,  absent. 
Mucus,  very  little. 
Blood,  absent 


Analysis  of  specimen  taken  July  18th  from  subject  "S."  In^ 
gested  at  7.60  p.m.  an  Ewald  meaL  Withdrawn  at  9  p.m. 
Amount  of  chyme,  z^n.  Hesorcin  test  showed  the  presence 
of  free  HCL 


Tot  acidity.   82,  or  .299%  by 

wt 
Free  HCl,  58.  or  .211%  by  wt 
Comb'd  HCl,  22,  or  .077%  by 

wt 
Tot  HCl,  80,  or  .288%  by  wt 
Acid  salts,  2,  or  .007%  by  wt 

Lactic  acid  (direct),  trace. 


Starch,  absent 
Amylodextrin,  trace. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present. 
Peptones,  present 
Bile,  absent. 
Mucus,  very  little. 
Blood,  absent 


Jnly  19th.' — The  condition  of  the  circulation  on  this 
dajr  is  shown  in  protocol  17,  The  vaso-raotor  system  had 
evidently  recovered  fiom  the  effects  of  the  sea. 

July  20th, — On  this  day,  a  trip  was  made  on  the 
steamship  Cygne  from  Carteret  to  Gorey  in  Jersey,  Chan- 
nel lahmda-  The  weather  was  pleasant,  but  there  was  a 
consideral>le  roll  on  the  Manche^  and  many  passengers 
were  made  ilh  An  Ewald  test  meal  was  given  on  the  fast- 
ing stomach  to  subjects  "" '  B ^ '  and  "  S. "  Both  were  seated 
in  the  hot  sun,  fairly  well  tmiidships,  where  all  sorts  of 
disagreeable  sights  and  odours  prevailed.  Tlie  Ijoat  rolled 
and  pitched  very  much.  Subject  "B"  experienced  only 
the  faintest  symptoms  of  seasickness, 

The  amount  of  chyme  recovered  from  the  tt^st  meal 
given  subject  "B"  was  jiii.  Analysis  showed:  total 
acidity,  .146%  by  wt. ;  free  HCl,  .06;  combined  HCl,  .06. 
A  trace  of  blood  was  found  in  the  chyme.  The  absorption 
test  showed  the  presence  of  iodin  in  the  saliva  in  15  min- 
utes. The  saloi  test  showed  the  presence  of  salicyluric 
acid  in  the  urine  in  B5  ininut<?s.  There  was  reason  to 
suspect  that  this  early  reaction  was  the  result  of  the  salol 
taken  on  the  previous  evening.  The  stronger  react if>n  ap- 
peared in  1  hour  20  minutes.  The  amount  of  chyme  re- 
covered after  the  test  meal  given  to  subject  '^S'^  w^as  ?iii. 
Analysis  showed:  total  acidity,  .146;  free  HCl,  ,153;  com- 
bined HCl,  .10^.  The  absorption  test  showed  a  positive 
reaction  in  14  minutes.  The  salol  motility  test  reacted 
in  1  hour  and  19  minutes. 


Analysis  of  specimen  taken  July  20t}i  on  the  Cygtte  from  subject 
*'B.**  Ing^ested  at  8.14  a.m.  an  Ewald  breakfast.  With- 
drawn at  9,20  a,m.  Amount  of  chyme,  ^iii.  Resorcin  test 
3howed  a  feeble  reaction  for  free  HCl. 


Tot.  acidity.  40,  or.  146%  by  wt. 
Free  HCl.  18.  or  .065%  by  wL 
Comb'd  HCl  18.  or  .065%  by 

wt. 
Tot.  HCl,  36.  or  ,130%  by  wt. 
Acid  salts,  4,  or  .014%  by  wt. 


Lactic     acid    (direct), 

trace. 
Starch,  abflent* 


faint 


Amylodextrin,  absent. 
Erythrodextrin,  present. 
Achroodextrin,  present. 
Maltose,  present. 
Peptonizing-   and    coagrulatingr 

enzymes,  normal. 
Peptones,  present. 
Bile,  absent. 

Mucus,  considerable  amount. 
Blood,  trace. 


ms 


SEASICKNESS 


Analyeia  of  specimen  taken  on  July  20tfa  on  the  Cygne  from 
subject  "S."  Ing^ested  at  8.16  a. m.  an  Ewald  breakfast* 
Withdrawn  at  9.25  a.m.  Amount  of  chyme,  ?iii-  Resorcin 
test  showed  the  presence  of  free  HCl. 


Tot.  acidity,  72,  or  .262%  by 

wt. 
Free  *HC1.    42,    or  .153%   by 

wt. 
Comb'd  HCl,  SO,  or  .109%  by 

wL 
Tot.    HCU    72,   or   .262%    by 

wt 

Acid  salts,  . 

Lactic  acid  (direct),  absent  or 

faint  trace. 


Peptonizing    and  coagrulating 

enzymes,  normal. 
Starch,  absent. 
Amylodextrin,  present. 
Erythrodextrin,  present. 
Achroodextrin,  present. 
Maltose,  present. 
Peptones,  present. 
Bile,  absent. 
Mucus,  very  little. 
Blood,   trace. 


Note,  A  little  gross  blood  appeared  during  the  manipulations 
in  evacuating  the  stomach  contents.  The  blood  was  kept  away 
as  well  as  possible  from  the  chyme. 


A  comparison  of  the  analysis  from  the  test  meals  taken 
on  the  Ur/fffie^  and  those  tiiken  on  the  previous  evening 
shows  that  in  the  matter  of  acidity  in  general  there  was 
not  much  difference.  Evidently  both  subjects  had  devel- 
oped a  certain  amount  of  immunity  for  seasickness.  It 
should  be  mentioned  that  the  Ci/gjie  was  in  size  and  othei 
respecta  very  similar  to  the  boat^s  on  which  the  eubjectfl^ 
had  l^een  recently  travelling. 

The  condition  of  the  circulation  during  this  trip  is 
shown  in  protocol  17.  Evidently  the  vaso-motor  system 
was  in  keen  working  order.  A  fair  amount  of  muscular 
action,  however,  was  neceasitated  by  the  motion  of  the 
boat,  and  moreover  the  observations  upon  blood-pressure 
were  taken  in  the  open  air. 

July  22d.— On  this  day  a  trip  was  made  in  the  fish- 
ing smack  Qnatre  Freres.  This  was  a  sail-boat,  and  of 
course  very  much  smaller  than  the  boats  in  which  the 
subjects  bad  lx;en  recently  travelling.  From  the  very  start 
it  rolled  and  twisted  and  pitched  in  a  fearful  manner* 
Test  meals  were  given  to  subjects  '*B-'  and  "S,**  but  "S'* 
vomited  his  meal  26  minutes  after  its  ingestion.  It  was 
only  by  hugging  the  floor  of  the  cabin  where  he  had 
wedged  himself  in  between  some  cleats  and  the  side  of  the 
vessel,  that  subject  '*B"  succeeded  in  retiiining  his  meal 
for  the  accustomed  hour.      The  day  was  clear,  but  the 


Wi 

ri 

1] 

Q- 
O  1 

o  o 

1' 

Wf 

§ 

ri 

i^s 

nr 

E 

\ 

- 

s^ 

'an 

t.v 

^ 

r* 

z 

t 

/ 

? 

' 

*f 

*'  1 

'    , 

K 

(, 

s 

tt 

H 

K 
P 

3 

P^ 

^ 
f 

/> 

/ 

m 

4.1 

if 

c 

i 

r 

\ 

■i 

s 

p 

«• 

.    ai 

i 

4^ 

4 

1 

% 

si 

^ 

■? 

E: 

fiv 

^? 

if 

/ 

1 

i 

^ 
?f^ 

r 

L 

( 

\ 

1* 

ll^ 

i 

\ 

^ 

t-] 

fn 

'ft 

TTl 

T> 

o 

i 

/ 

t^ 

^ 

* 

V 

s 

£ 

r 

J 

-K 

>i 

m 

It 

1 

12*  i 

r 

f         '     ^ 

^•. 

\ 

N 

1 

tt 

ui 

.^4.. 

9 

.•^ 

1 

m 

< 

■1 — 

?1 

r 

J 

*4 

■1 

TT 

1 

'-> 

/ 

1 

M 

;; 

3    ' 

p 

1 

N, 

11 

jt 

« 

(A 

i 

> 

t 

^> 

'^ 

i, 

? 

8^ 

/ 

} 

f 

i 

1 

ly 

■ 

7^ 

^ 

«+ 

IT 

L 



^  - 

—  ^ — 

^1 

33L¥ 

Ah 

i^ 

9* 

a^ 

— .-^ 

$ 

f 

/ 

^ 

ri 

5 

9- 

Dl 

^ 

^ 
£ 

4( 

( 

3- 

P 

1 

« 

Ml 
** 

:¥ 

•— .  n 

«* 
FV 

1 

^ 

TL, 

1  (S 

iV 

0 

1 

( 

»' 

m. 

S- 

S 

1^ » 

it 
u 

*> 
U 

^ 

IT 

^ 

r  ■ 

^. 

^ 

Si 

an 

d.h 

19. 

^ 

s 

cj 

1 

0 
II 

If 
*i 

U 

V 

\, 

\  A 

r 

V 

v 

\ 

\ 

\ 

r 

V 

X  ^ 

Mmiche  was  living  up  to  its  reputation.  On  this  occaBion 
subject  *'B"  experienced  all  the  horrors  of  geasickness  in 
its  most  aggravated  form.  The  odour  of  the  cabin,  not  too 
wholesome  at  any  timt?,  became  intolerable.  When  the 
time  came  for  evacuating  the  stomach  contents,  ail  that 
the  Bubject  had  to  do  when  the  basin  w^is  in  place,  was 
simply  to  turn  on  the  side,  and  with  one  sudden  act  of 
vomiting,  everything  left  the  stomach.  Wat^^r  was  suhse- 
quently  tiikeii,  in  order  to  clean  out  the  stomach  as  much 
as  poBKible.  This  was  also  immediately  rejected,  bringing 
with  it  nothing  but  mucus.  The  amount  of  chyme  re- 
covered was  5xi.  It  was  now  10.  IS  a.m.  The  lx>at  had 
been  out  since  8.53  a.m.,  and  was  nut  expect-L-d  to  return 
before  (5  or  7  p.m.  On  this  account  it  was  decided  not 
ttj  try  tlie  effect  of  drugs  until  the  ftft^rnrx>n.  Subject 
*'B^'  felt  much  relieved  for  having  his  stomach  emptied 
and  irrigated.  After  a  time,  however,  his  wretchedness 
returuenl,  and  he  was  obliged  to  take  to  the  floor  again  and 
wedge  hiniBelf  in  an  angle  ae  l>est  he  could  to  keep  from 
being  tossed  about.  By  this  time  he  was  very  irritable, 
and  the  swirl  of  the  water  rushing  past  the  side  of  the  boat 
was  extremely  annoying.  However,  there  was  nothing  left 
for  liim  but  passive  resistance,  which,  in  the  sick  and 
helpless,  often  represents  the  very  acme  of  ctiurage.  He 
had  made  up  his  mind  that  the  stniggle  was  t^)  be  a  long 
one,  and  lx*wed  to  the  inevitable.  At  12  m.,  however, 
it  was  an  agreeable  euri>rise  to  find  that  the  boat  was 
* 'alongside  the  wharfs  *xnd  everything  ready  to  go  ashore. 
On  inquir}''  it  was  learned  from  the  skipper,  that  owing 
to  the  rough  weather^  the  fishing  nets  had  been  swept 
away,  and  it  was  considered  t«>o  risky  to  remain  out 
longer. 

The  condition  of  the  circulation  was  studied  with  great 
difficulty  on  this  trip,  and  only  at  irregular  intervals. 
The  results  are  slujwn  in  prot«jcol  18,  There  was  a  good 
deal  of  muscular  activity  at  all  tim^^s  when  the  blood- 
pressure  was  taken.  When  the  subject  was  lying  quietly, 
if  that  were  possible  at  any  time,  there  were  manifest 
signs  of  profound  eirculatory  depression.  In  the  after- 
noon subj<3ct  *'B^'  felt  exceedingly  nervous  and  irritable. 
It  was  only  afU^r  sevenil  hours  in  }>ed  that  the  effecta  of 
his  rough  tilt  with  the  sea  wore  off.     He  had  a   slight 
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headache,  and  every  fibre  in  hie  limbs  and  body  was  in  a 
tremour.  Even  a  two  hours'  sleep  did  not  relieve  his  ner- 
vousnGBa.  The  '4ump-gensation"  in  the  stomach,  which 
made  its  appearancG  upon  the  boat,  remained  with  him 
as  late  aa  5  p.  m .  The  blood-preasure  was  well  niai  ntained, 
however,  but  the  va80-mDtc:)r  system  was  evidently  etili 
demoralized.  Analysis  after  the  test  meiil  showed  absence 
of  HCl,  botb  free  and  combined,  and  a  total  acidity  of 
.021%  by  wt.  Tests  were  made  for  the  presence  of  the 
gastric  enzymes,  but  an  unfortunate  accident  destroyed 
the  specimens  before  the  customary  time  had  elapsed.  It 
w^ia  ascertainedj  however,  that  in  tlie  case  of  chymosin 
(rennet)  coagulation  was  retarded  considerably.  It  may, 
therefore,  be  assumed  that  the  ferments  were  diminished. 
Both  the  K  I  and  Balo!  tests  were  negative,  not  only  dur- 
ing the  trip,  but  all  througb  the  afternoon.  It  was  evi- 
dent that  no  ah sorpti<m  had  taken  place,  and  that  nothing 
had  escaped  into  the  intestines. 

Analysis  after  the  test  meal  given  subject  *'S"  and  re- 
tained 26  minute's,  showed  tobil  acidity  ,048%  by  ^vt. , 
with  HCl  Ixith  free  and  combined  absent-  The  K  I  and 
salol  tests  were  negative  during  the  trip  and  all  through 
the  afternoon. 

The  first  urine  passed  by  subject  *^B"  after  leaving 
the  boat,  was  in  amount  5v,  and  slightly  turbid,  due  to 
the  presence  of  im.  excessive  amount  of  mucus.  The  spe- 
cific gravity  was  1.028.  There  was  no  evidence  of  albu- 
min or  of  sugar.     Glycuronic  acid  was  present. 


Analysis  of  specimen  taken  July  22d  on  the  Quatre  Fr^res,  from 
subject '*B/'  Ingested  at  9.10  a.m.  an  Ewald  breakfast. 
Withdrawn  (vomited)  at  10.10  a.m.  Amount  of  chyme, 
Ixi.  Reaction  faintly  acid  (litmua)*  Free  HCl  (resorcin). 
absent. 


Tat.  acidity,    6,  or  ,021%  by 

wt. 
Free  HCl,  absent, 
Comb'd  HCb  absent. 
Tot.  HCl  -— - 

Acid  salts,  . 

Lactic  acid  (direct),  trace. 
Starch,  absent. 
Ainylodextnn*  trace. 


Erythrodextrin,  present. 
Achroodextrin*  present. 
Maltose,  present 
CoagTilating  enzymes^   dimin- 
ished. 
Peptones,  faint  trace. 
Bile,  absent. 
Mucus,  abundant. 
Blood,  absent. 
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Analysis  of  specimen  taken  July  22d  on  the  Quatre  Freres,  from 
subject  "S."  Ingrested  at  9.10  a.m.  an  Ewald  breakfast 
Withdrawn  (vomited)  at  9.36  a.m.  Amount  of  chyme,  3viii, 
Reaction  faintly  acid  (litmue).    Free  HCl  absent  (resorcin). 

Tot  acidity,    12,  or  .043%  by      Amylodextrin,  present, 
wt.  Erythrodextrin,  present. 


Free  HCi  absent 
Coinb'd  HCl,  absent 
Tot  HCl,  -^, 

Acid  salts »  ■* 

Lactic  acid  (direct),  trace. 
Starch,  absent 


Achroodextrin,  present. 

Maltose,  present. 

Peptones,  trace. 

Bile,  absent. 

Mucus,    considerable  amount 

Blood,  absent. 


July  28d, — At  Cherbourg  the  Bteamahip  Southwestern^ 
boimd  for  Southampton,  was  boarded  at  10.12  p.m.  At 
11.47  p.m.  subjects  "B^'  and  *'S"  received  each,  hypo- 
deniiaticallyj  gr  1/75  of  atropin  sulphate,  and  gr  1/40  of 
strychnin  nitrate. 

July  24th.— At  12.06  a.m,  the  boat  started,  and  at 
12.34  a.m.  an  Ewald  toBt-meal  was  given  to  ea^ch  subject. 
The  weather  was  very  rc^ugh.  The  boat  pitched,  twist-ed, 
and  rolled  badly.  On  thie  oceans  ion  the  party  travelled  in 
the  second  ca hi II,  as  the  sleeping  compaitment  was  situated 
in  the  bow  where  the  motion  was  certain  to  be  at  its  worst, 
and  where  one  w^onld  be  most  liable  to  be  made  seasick. 
The  berths  were  ranged  around  the  sides  of  the  ship  as  in 
a  dormitory.  The  bjat  had  scarcely  start-ed,  when  the 
passengers  }:>egan  to  climb  into  their  beds,  and  in  a  very 
few  minutes  no  one  was  astir  but  the  members  of  our 
party.  Here  an  imiuaing  incident  occurred  which  those 
who  practise  psychic  therapeutics  will  appreciate.  The 
boat  had  been  behaving  badly,  and  there  was  every  indi- 
cation that  there  were  rough  times  ahead.  Suddenly  the 
steward,  a  good-natured  fellow,  appeared  with  an  annful 
of  large  white  basins  made  of  agate  or  papier  mache. 
One  of  these  was  placed  beside  the  head,  you  might  nay 
under  the  nose  of  each  passenger  in  a  smart.,  bueinesslike 
way,  as  much  as  to  say,  ''There!  now  it's  up  to  you.'* 
The  steward  made  the  round  of  the  compartment  in  fiiiick 
time  J  but  he  had  scarcely  placed  the  last  basin,  when  almost 
every  one  in  the  place  commenced  vomiting.  He  even  had 
the  temerity  to  place  basins  in  front  of  subjects  **B"  and 
"S"  and  as  he  did  eo,  he  leered  at  them  out  of  tlie  corner 
of  his  eye,  to  eee  how  they  were  standing  the  pace.     It  wa^ 
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easily  understood  why,  for  sanitary  and  economic  roaeone, 
vessels  should  be  placed  convenient  to  the  pa^sengprs,  but 
it  was  not  at  the  time  st}  appan^nt  why  the  st^nvard  should 
80  jauntily  rattle  his  has  ins  as  ho  plact^l  thorn  anjund. 
His  conduct  eeeined  more  int^^^Uigihle  the  next  morning 
when  it  was  learned  from  stickers  placed  conspicuously  in 
various  parts  of  thelxjat  that  a  certain  remedy  was  a  sure 
cure  for  BCiisickness  and  that  it  could  bo  had  at  any  time 
from  the  steward,  price  two  shillings  and  nine  pence.  The 
test  meals  were  eat^n  with  relish,  and  although  the  boat 
pitched  and  rolled  very  hadly,  no  ill  effects  w(>re  felt.  In  the. 
stomach  there  w^as  a  cool,  agreeable  sensation,  as  though' 
one  had  just  eaten  icc-creauh  No  perversion  of  the  sense 
of  sniell^vas  experienced.  There  w'as  a  peculiar  sour  tiiste 
in  the  mouth  as  though  one  were  eating  unripe  apples. 
The  saliva  wa8  not  fnn?,  and  yet  the  mouth  was  not  dry. 
Both  subjects  felt  an  inclhiation  for  work.  The  balancing 
nioveraenta  nec4?ssitated  by  the  rolling  of  tho  ship  were 
effectually  and  e^iaily  executed,  without  the  usual  anxiety 
and  awkwardness.  The  suttjects  eat,  stood,  and  walked 
alx>ut  at  various  times  during  the  hour  that  the  test  meals 
were  retained.  Tliey  felt  exceedingly  well  during  all  the 
tossing  and  tumbling  of  the  boat.  At  times  subject  '  *  B, " 
who  is  extremely  susceptible  to  seasickness,  felt  a  slight 
transitory  fulness  in  the  head.  There  were  no  syniptonis^ 
referable  to  the  stomach,  in  fact  an  agreeable  feeling  was 
ai3S0ciated  with  that  organ.  There  was  no  psychic  depres- 
sion or  d  istresB.  At  1.07  a.  m. ,  subject  *  *  B  "  still  felt  W'ell, 
but  on  standing  up  was  almost  thrcFW^n  by  the  rolh'ng  of  the 
boat.  Although  feeling  well  he  was  disinclined  to  stand 
up  or  walk  about.  At  this  time  there  was  a  slight  inti- 
mation of  the  ''lump-sensation"  in  the  st^nnaeh,  though 
no  disagreeiible  feeling  was  asscM:iated  with  it. 

When  the  boat  gave  an  unusually  Iwiivj  lurch  ^  lioth 
subjects  felt  it  ai^ert  their  heads  momentaril}^  but  n( 
w^orry  or  dLstress  wiis  induced.  At  1.8)]  a,m.,  subjecfc^ 
"B"  experienced  a  pronnunceil  '*kmip-sensati<ui"  with  a 
slight  sense  of  nervousness  or  trenunrr  in  the  muscles* 
Subject  *'S'*  felt  no  luiiip-sensation  in  the  stomach  at  any 
time. 

At  1,50  a.m.,  the  stomach  contents  of  subject  **B*' 
were  removed.     The  amount  of  chyme  obtaiw^d  was  Jiv. 


A 1  ittle  bl ood  also  came  w  i  th  the  chyme .  Analy b i b  showed : 
total  acidity,  ,075%  by  wt. ;  combined  HCl,  .051,  and 
free  HCl  absent. 

The  tests  for  enzymes  showed  diminution  or  absence 
of  these  bodies. 

The  K  I  absorption  t-eet  showed  the  presence  of  iodin 
in  the  saliva  in  11  minutes.     The  salol  test  was  negative 
A  faint  reaction  occurred  in  50  minutes,  but  was  of  too 
doubtful  a  nature  to  afford  basis  for  a  conclusion  as  to 
stomach  motility. 

Analysis  of  specimen  taken  at  1,50  a.m.t  July  24th,  on  the 
steamship  Southwestern  from  subject  *'B"  after  hypoder* 
raic  injection  of  strychnin  nitrate,  gr  140,  and  atropin 
sulphate,  rt  1.75,  Ing'ested  at  12.34  a.m,  an  Ewald  test  meal. 
Withdrawn  at  1.60  a.m.  Amount  of  chyme^  31  v.  Reaction 
to  litmua,  acid.     Free  HCl  absent  (resorcin). 


Tot.  acidity,   20,  or  .073%  by 

wt. 
Free  HCl,  absent. 
CombM  HCl,    14.  or  .051%  by 

wt 
Tot,  HCl,  14,  or  ,051%  by  wt 
Acid  salts,  . 

Lactic  acid  (direct),  trace. 
Starch,  absent. 
Amylodextrin,  trace. 


Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Peptones,  trace. 
Bile,  absent 

Mucus,  moderate  amount. 
Blood,  trace. 
Chymosin,  deficient. 
Peptonizing-  enzymes,  absent 
Peptonizing    zymogens,    defi- 
cient. 


At  2  a.m.,  the  Btomach  contents  were  withdrawn 
from  subject  *'S,*'  The  amount  of  chyme  was  31  v. 
Analysis  showed:  total  acidity,  .21%  by  wt. ;  frne  HCl, 
.11 ;  combined  HCl,  .08.  The  K  I  abeorption  test  showed 
the  prpsencfj  of  iodin  in  the  saliva  in  16  minutes.  The 
salol  test  was  negative  at  all  times. 

Analysis  of  specimen  taken  at  2  a<m.,  July  24th.  from  subject 
**S,"  on  the  ateamahip  Southwestern,  after  hypodermic  in- 
jection of  strychnin  nitrate,  gr  1 40,  and  atropin  sulphate, 
gr  1 75.  Invested  at  12.34  a.m.  an  Ewald  test  meal.  With- 
drawn  at  2  a.m.  Amount  of  chyme,  51  v.  Resorcin  test 
showed  the  presence  of  free  HC!, 


Tot  acidity,   68,  or  .211%  by 

wt. 
Free  HCl,    32,  or  .11%  by  wt 
Qomb'd  HCb    24,  or  .08%  by 

Wt 


Tot  HCl,  56,  or  .19%  by  wt 
Acid  salts,  2,  or  .007%  by  wt 

Lactic  acid  (direct),  tracQ. 
Starch,  absent 
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Amylodextrin,  absent. 
Erythrodextrin,  present. 
Achroodextrin,  pre&ent 
Maltose,  present 
Peptones,  present. 


Coagulating' enzymes,  normal. 
Peptonizing  enzymes,  normal. 
Bile,  absent. 

Mucus,  moderate  amount. 
Blood,  absenL 


The  circulation  was  well  maintained,  as  shown  in  pro- 
tocol 19.  The  vnso-motor  apparatus  was  evidently  in  a 
kocn,  steady  state  of  activity  and  did  its  part  in  main- 
taining the  blood-preesure  without  increase  of  the  pulse- 
rate.  Muscular  activity  was  in  part  responsible  for  the 
high  blood-pressure. 

Fmni  the  foregoing  experience  there  ctm  be  no  question 
of  the  beneficial  effects  of  ntrychnm  combined  with 
atropin.  The  conditions  of  this  journey  were  such  that 
without  these  drugs  botli  subjects  would  Imve  l:)een  very 
seasick.  Each  subject  after  irrigation  of  the  stomach  went 
to  bed  and  slept  well.  Both  had  a  free  action  of  the  bowels 
on  arising,  and  both  felt  well  in  every  way. 

July  24th, — At  11.22  p.m.,  the  steaniBhip  Soitthjvesf- 
erti  was  boarded  at  Southampton,  b^iund  for  Cherbourg. 
At  11,23  p.m.,  subject  "S"  received  gr  Ix  of  potassium 
bromid,  and  at  11.50  subject  ''B"  received^  hypodermic- 
ally,  atropin  sulphate,  gr  1/80. 

July  25th,— At  12.08  a.m.,  the  boat  started.  At  12.36 
suhjeet  *'B*'  was  given  an  Ewald  test-meal.  At  12.40 
subject  *'S"  was  given  a  similar  meaL  The  weather  was 
not  rough  during  this  part  of  the  night,  but  the  boat  rolled 
and  pitched  considerably.  Both  subjects  experienced  the 
**lump-aen8ation"  in  the  stomach  for  a  time.  Neither 
subject  at  any  time  exi>erienced  more  than  a  passini 
*' feeling  in  the  head,"  i.e.,  dizziness  when  the  Ixmt  gav 
an  unusiuil  lurch.  In  subject  *'B"  the  sense  of  smell  was 
slightly  perverted,  t^jbacco-smoke  smelling  like  burnt 
rags. 

The  test  -was  a  fair  one  in  so  far  as  subject  **B'*  w^s 
ct>ncerned,  for  owing  to  his  sensitiveness  to  seasickness, 
the  trip  would  undoubtedly  have  sufficed  to  sicken  him 
thoroughly.  Subject "  S, "  however,  is  less  susceptible,  and 
would  probably  have  iDcen  fairly  well  through  such  weather 
as  was  encountered.  In  subject  **B"  the  atropin  again 
caused  a  peculiar  sour  taste  in  the  mouth.     At  1.40  n.  in., 
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the  test  meal  was  withdrawn  from  subject  "  B  's"  Btomach. 
The  amount  of  chyrue  obtained  was  ^iies.  When  it^  con- 
tents had  been  evacuated,  the  stomach  wae  irrigatcxl  and 
a  good  deal  of  mucuR  with  a  little  blood  was  rt^moved. 
Analysis  showed:  total  acidity,  .078%  by  wt. ;  free  HCl^ 
absent;  combined  HCl,  ,058.  The  K  I  absoqition  test 
showetl  a  positive  reaction  in  14  minutes.  The  ealyl  test 
did  not  react  at  any  time. 


Analysis  of  specimen  taken  July  25th,  on  steamship  South- 
tmstem  from  subject  "B/'  after  atropin  sulphate,  gr  1/80 
hypodermically.  Ingested  at  12,36  a,m.  an  Ewald  teat- 
meal.  Withdrawn  at  1.4D  a,m.  Amount  of  chyrae,  siias. 
Reaction  (litmus),  acid.     Free  HCl  absent  (resorcin). 


Tot  acidity,    20.  or  *073%  by 

wt. 
Free  HCb  absent 
Comh'd  HCb    16,  or  .058%  by 

wt- 
Tot  HCl.  16,  or  ,058%  by  wt. 
Acid  salts    -^. 

Lactic  acid  (direct),  trace. 


Starch p  absent. 
Amylodextrin,  absent 
Erythrodextrin,  present 
Achroodextrm,  present 
Maltose,  present 
Bile,  absent. 

Mucus,  considerable  amount 
Blood,  trace. 
Enzymes,  diminished. 


At  1.50  a.m.,  the  contents  of  subject  **S's'^  stomach 
were  withdrawn.  The  amoimt  of  chyme  recovered  was 
3V.  Analysis  Bhowed:  total  acidity,  .277%  by  wt. ;  free 
HCl,  .189;  corah ined  HCl,  .08.  The  K  I  abBorption  teat 
showed  a  pjsitive  raection  in  10  minutes.  The  salol  test 
showed  no  reiiction  at  any  time.  After  evacuation  of  its 
contents,  the  stomach  was  irrigated. 


Analysis  of  specimen  taken  July  25th  on  steamship  South- 
western from  subject  *'S"  after  KBr.  gr  Ix.  Ingested 
at  12.40  a.m-  an  Ewald  meal.  Withdrawn  at  1.60  a.m. 
Amount  of  chyme*  |v.  Resorcin  test  showed  the  presence 
of  free  HCl. 


Tot  acidity,    76,  or  .277%  by 

wt. 
Free  HCb  52,  or  .189%  by  wt 
Comb'd  HCb  22.  or  .080%  by 

wt 
Tot  HCl,  74,  or  .269%  by  wt 
Acid  salts,  2,  or  .007%  by  wt 
Lactic  acid  (direct),  absent 
Starch,  absent 


Amylodextrin,  trace. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Peptones,  present 
Bile,  absent. 

Mucus,  moderate  amount 
Blood,  absent. 
Enzymes,  normal^ 
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Whilet  the  teBt-meals  were  in  the  etomach,  subject 
"B'*  felt  somewhat  drowsy,  but  subject  *'S'*  was  wakeful. 
When  the  work  with  the  test  meals  was  fiuighed,  the 
weather  became  rather  rough,  but  both  subjects  went  toi 
bed  and  slept  Boundly  without  suffering  any  ill  effects. 
Cherbourg  w^aa  reached  about  7  a.m. 

There  can  be  little  question  that  on  this  occasion  atro- 
pin  eerved  subject  "B"  well  in  warding  off  the  disagree- 
nble  effects  which  would  certainly  have  btH.'n  experienccHi 
without  its  use.  It  is  Uy  \ye  noted  here,  as  in  rotations 
and  aural  irrigations,  that  atropin  is  of  no  tenefit  what- 
ever in  t-ending  to  relax  the  pylorus  in  the  presence  of  irri- 
tation of  the  niedullaiy  centres.  The  bromid  of  potassium 
had  an  effect  similar  to  that  exhibited  by  it  in  rotations. 
It  lessened  psychic  distress^  and  the  fear  of  what  w^as  to 
come.  On  this  occasion,  however,  it  must  he  said  that 
the  conditions  were  not  quita  such  as  would  properly  test 
the  efficiency  of  the  drug. 

July  26th.  —At  9. 50  p.m. ,  the  steamship  i^oitthtmsttirn^ 
bound  for  Southampton  from  Cherbourg,  was  l>oarded.  At 
9.55  p.m.,  subject  "B"  was  given,  per  os,  gr  Ix  of  ix>tas- 
sium  bromid.  At  10.39  subject  "S"  received  atropin 
sulphate,  gr  1/50,  per  os. 

July  27th. — At  12.06  a.m.,  each  subject  was  given  an 
Ewald  meal. 

At  12.17  subject  *'B"  was  given  orthofonn,  gr  v. 

On  this  occasion  the  weather  was  fairly  rough.  The 
boat  pitched  and  rolled  considerably.  Subject  "B"  ex- 
p<irienced  all  the  symptoms  of  the  severe  form  of  seasick- 
nees.  The  '* lump- sensation^'  was  present  in  the  stom- 
ach iind  throat.  There  were  also  present  nause^\,  increased 
salivary  flow,  pain  in  the  left  region  of  the  epigastrium, 
nervousness  and  irritaliility  of  temper;  general  muscular 
weakness  w^iUi  tremulousnees ;  a  full,  sickening  feeling 
about  the  ears;  occipitid  headachej  worse  toward  the  right 
side,  a  sense  of  fulness  and  lightness  in  the  he-jid,  especi* 
ally  in  the  mastoid  regions  and  b:*hind  the  eyoballe.  At 
times  there  wna  pain  in  the  right  as  well  as  in  the  left 
epigastric  region.  The  subject  also  felt  chilly  and  drowsy. 
The  face  was  flushed,  the  pupils  nonnal,  the  conjunctiva 
congest*^*d,  and  the  skin  cold.     He  was  very  anxious  to  lie 
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down,  which  indeed  he  had  to  do  in  order  to  retain  the 
test  meal  for  the  ciistoniaiy  hour.  At  1 .07  a.m.  ^  the  stom- 
ach contend  of  subjt^ct  * ' B"  were  withdrawn.  The  amount 
of  chynie  recovered  was  Jvi.  Analysis  showed :  total  acid- 
ity, .080  hy  wt.. ;  free  HCl,  absent,  and  combined  HC!,  ,058, 
The  K  I  absorption  tt^st  showed  a  positive  reaction  in  19 
minutes.  The  salol  test  did  not  react  at  any  time,  the 
stomach  having  been  irrigated  after  its  contents  had  been 
withdmwn.  The  irrigation  of  the  stomach  gave  the  sub- 
ject great  relief  from  his  symptomB,  nevertheless  each  roll 
of  the  ship  caused  that  indescribable  sickening  feeling 
which  elsewhere  has  been  chilled  dolor  cerebri.  The  sub- 
ject was  very  glad  to  get  back  to  bed. 


Analysis  of  specimen  taken  July  27th  on  the  steamship  Soutk- 
wesiei-n,  from  subject  "B"  after  receiving-,  per  os,  K  Br., 
err  Ix,  and  orthoform,  gr  v.  Ing-eated  at  12.06  a.m.  an  Ewald 
meal.  Withdrawn  at  h97  a.m.  Amount  of  chyme»  svi. 
Reaction  (litmus),  acid.    Free  HCl,  absent  (resorcin). 


Tot  acidity,   22,  or  .080%  by 

wt. 
Free  HCI,  absent 
Comb'd  HCI,    16.  or  .058%  by 

wt. 
Tot  HCI.  16,  or  .058%  by  wt 

Add  salts,  . 

Lactic  acid  (direct),  trace. 
Starch,  absent 


Amylodextrin.  absent. 

Ery th rode X trio,  present 

Achroodextrin,  present 

Maltose,  present 

Peptones,  trace. 

Bile,  absent 

Mucus,  moderate  amount 

Blood,  absent 

Enzymes^  deficient  or  absent 


With  the  exception  of  a  sense  of  fulness  in  the  head, 
and  a  slight  pain  in  the  right,  and  also  at  times  in  the 
left  epigastric  region,  8ubj(?«t  ^'S"  felt  fairly  coinfortable. 

At  l.i20  a.m.  trts  stomach  contents  were  withdrawn. 
The  amount  of  chyme  recovered  was  |xii.  The  stomaeh 
wiis  irrigated,  and  the  sympi^^ms  previously  mentioned 
disapjx^ared,  i.e.,  the  pain  in  the  epigastrium  and  the 
seneation  of  fulness  in  the  head. 

Analysis  showpd:  total  acidity,  .255%  by  wt. ;  free 
HCI,  .183;  combined  HCI,  .1(30. 

The  K  I  absoq>tion  tet^t  showed  a  positive  reaction  in 
24  mimib^H.  The  salol  tx^st  did  not  react  at  any  time,  the 
htomacb  having  Ix-en  irrigat^'d  after  its  ctmtents  !iad  lx»en 
removf?d.  The  subject  stood  up  all  through  the  period 
during  which  the  test  meal  was  retained. 
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Analysis  of  specimen  taken  July  27th  on  steamship  Soutkwt 
em,  from  subject  '*S»'*  after  atropin,  ^r  1,50,  ^er  os, 
gested  at  1Z06  a,m.  an  Ewald  test  meal.    Withdrawn 
1.20  a. m.    Amount  of  chyme,  sxii. 


Tot  acidity,    70,  or  .255%  by 

wt. 
Free  HO,  34,  or  .133%  by  wt. 
Corob'd  HCl.    30.  or  .109%  by 

wt. 
Tot  HCl,  64.  or  .242%  by  wt. 
Acid  salts.  6.  or  .021%  by  wt 
Lactic  acid  (direct),  absent. 
Starch,  absent 


Amylodextrin,  trace. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Peptones,  present 
Bile,  absent 
Mucus,  moderate  amount 
Blood,  absent 
Enzymes,  normal. 


The  experiences  of  tliia  trip  show  that  neither  bronii 
of  potaasiiira  nor  orthoform  has  any  potent  action 
counteracting  the  effects  of  seasickness.  They  also  aha 
that  atropin  per  os  may  be  nsed  in  seasickness  to  advai 
tftge,  but  not  with  such  good  effect  as  when  used  hypod 
matieally  and  in  combination  with  strychnin.  It  ^ 
observed  that  the  effect  upon  the  lj*>wel6  was  not  so  happ 
after  bromid  as  aft(3r  atrr:)pin  and  strychnin. 

The  subject  experienced  a  sour  Uiste  after  the  bromi 
similar  to  that  experienced  M^th  atropin. 

July  27th.— A  trip  was  made  on  the  steamship  Lorn 
Boone  from  Southampton  to  Soutlisea.  The  boat  startfl 
at  9.15  a.m.     The  morning  was  fine  and  the  water  cal 

No  ill  effects  were  experienced,  but  on  the  return  trip  i 
the  evening  the  weather  was  wet  and  dismal,  and  tbe  fxn 
rolled  and  pitched  somewhat.  Subject  "B"  felt  many 
the  milder  S3rmptoms  of  seasickness,  but  the  journey  w 
too  short  to  cause  much  trouble  under  the  conditions  pi 
vailing.  • 


CHAPTER  XXVII 

STUDIES    IN  SEASICKNESS    (Continued) 


July  28tli.=-Affcer  a  good  night's  rest 


.  cool  room 
on  shore  at  7.18a.m.  each  subject  was  given  an  Ewald 
teat  breakfast.  At  8.26  the  stomach  contents  of  subject 
*'B"  were  witli drawn.  The  amount  of  chyme  recovered 
was  liL  It  wfLs  mixed  with  much  mucus.  Free  HCl 
wiia  absent.  Unfortunat-ely  the  epecimen  was  thrown  away 
by  accident  before  the  quantitative  examination  was  made. 
The  K  I  test  showed  a  positive  reaction  in  21  minutes. 
The  salol  test  did  not  react  at  any  time,  the  stomach  hav- 
ing been  irrigated  when  its  contents  had  Ijeen  removed. 

At  8.30  the  stomach  contents  of  subject  "S'^  were  re^ 
moved.  The  amount  of  chyme  recovered  was  5^8.  This 
specimen  was  also  thrown  away  by  mistake j  but  not  until 
it  had  been  ascertained  that  it  contained  free  HCL  The 
amount  of  mucus  was  very  moderate.  The  K  I  test  showed 
a  positive  reaction  in  16  minutes.  The  salol  test  reacted 
strongly  in  1  hour  12  minutes.  The  condition  of  sub- 
ject "B's"  circulation  after  a  restful  night  in  a  cool  room 
is  shown  in  protocol  19.  The  cardiac  and  neuro-vascular 
rmx^hanisras  were  in  good  working  order.  The  subject 
felt  well  in  every  way,  except  for  an  occasional  feeling  of 
indigestion. 

At  11.52  a.m.,  the  steamship  Teutonic^  bound  for  New 
Vork  from  Southampton,  was  boarded.  As  shown  in  pro- 
tocol 20,  the  subject's  circulation,  before  the  boat  started, 
manifested  some  depression  incidental  to  the  fatigue  of 
making  prepamtions  to  go  on  kmrd.  At  12.15  p.m.  the 
boat  started.  The  weather  was  mild  and  clear.  The  boat 
was  very  steady,  but  some  slight  vibration  was  felt  from 
the  machinery.  Subject  "B"  felt  well  in  every  way.  He 
took  h  is  meiils  and  enjoyed  them.  After  the  evening  meal , 
however,  he  had  a  slight  feeling  of  indigestion.  The  cir- 
culation as  shown  in  protocol  20  was  efficiently  maintained 
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July  29th. — After  lying  all  the  morning  in  Queenstown 
HartKJtirj  the  pilot  was  put  off  at  1.15  p.m.,  and  the  boat 
got  away  under  full  steam.  During  the  afterntx^n  the  boat 
pitched  somewhat.  This,  with  the  jolting  of  the  machinery, 
caused  subject  *  'B^Ho  have  occipital  lieadache,  worse  upon 
the  right  eidOj  witli  an  occasional  sick  feeling  in  the  bead, 
as  the  ship  made  an  nnueually  bad  lurch.  Toward  9 
o'clock  the  ship  was  pitching  considerably  and  subject 
"B"  had  the  'Mump- sen sjition^'  in  the  stomach  to  a 
marked  degree.  This  was  tem|>omrily  relieved  by  10 
dropB  of  dilute  HCl,  in  water,  but  it  returned  later  and 
was  as  bad  as  ever.  The  ejects  of  the  pitching  of  the 
ship  began  to  tell  upon  the  circulation  as  seen  in  protocol 
21.  The  vaso-motor  tone  was  not  as  eflicient  in  the  late 
afternoon  and  evening  as  it  had  been  earlier  in  the  day. 

July  80th. — At  7.40  a.m.  both  subjects  felt  very  weU 
after  a  good  night.  Each  was  given  an  Ewald  breakfast. 
At  8.47  the  stomach  contents  of  subject  '*B"  wore  evacu- 
ated. The  amount  of  chyme  recovereil  was  |iii.  Analysis 
showed  absence  of  iree  HCl,  Quantitative  determinations 
were  not  made,  owing  to  an  accident.  A  considerable 
amount  of  mucus  was  present.  The  K  I  absorption  teet 
showed  a  positive  reaction  in  81  minutes.  The  salol  test 
reacted  in  55  minutes.  At  8.59  the  stomach  contents  of 
subject  '*S'*  were  removed.  The  amount  of  chyme  recov- 
ered was  I  iii.  Analysis  showed:  total  acidity,  .262% 
by  wt.,  free  HCl,  .175,  combined  HCl,  .080.  The  K  I 
test  showed  a  positive  reaction  in  82  minutes.  The  salol 
test  did  not  react  at  any  time,  the  stomach  having  been 
irrigated  after  its  contents  had  heen  removed. 


Analysis  of  specimen  taken  July  30th  on  the  steamship  TeuUmic, 
from  subject  *'S. "  Ingested  at  7.40  a.m.  an  Ewald  break- 
fast  Renioved  at  8,59,  Amount  of  chyme,  siii.  Resorcin 
test  showed  the  presence  of  free  HCL 


Tot  acidity,    72,  or  .262%  by 

wL 
Free  HCl,  4S,  or  ,175%  by  wt 
Comb'd  HCl,   22,  or  .090%  by 

wt 
Tot  HCl,  70.  or  .255%  by  wt 
Acid  salts,  2,  or  ,007%  by  wt 
Lactic  acid  (direct) ,  absent, 
Btarchi  absent. 


Araylodextrin,  trace. 
Erythodextrin,  present. 
Achroodextrin,  present. 
Maltose,  present 
Peptones,  present 
Bile,  absent. 

Mucus,  moderate  amount 
Blood,  absent 
Enzyme 8|  normaL 


In  the  afternoon  the  sea  became  very  rougli  and  many 
people  were  madti  Beasick,  Subject  '*B"  experienced  no 
dieagreeable  eymptoiiis  except  a  '*  flight  Inmp-Bensation" 
in  til e  etomach.  Atf5. 11  i>.m,  the  stomaeh-tube  was  in- 
troduced and  sisB.  of  chyme  removed.  This  was  the  re- 
mains of  a  meal  taken  at  I.IQ  p.m.,  and  consisting  of 
pea-soup,  boiled  codfish,  mashed  pobitoes,  boiled  rice  and 
water,  3viii.  Analysie  showed  free  HCl,  .073%.  This 
subject  ''B"  felt  exceedingly  well  in  spite  of  the  very 
rough  weather.  Whatever  slight  trouble  he  experienc(i»d 
should  be  attributed,  perhaps,  k)  hi^  indigestion.  The 
condition  of  the  circulation  as  represented  in  protocol  22 
shows  the  vaso-motor  mechanism  to  be  thoroughly  effective 
toward  the  latter  jmrt  of  the  day. 

July  Blet. — ^On  this  day  the  weather  was  fair  and  the 
boat  steady.  After  breakiaet  at  9.05  a.m.  the  K  I  absorp- 
tion test  showed  a  positive  reaction  in  1  hour  and  5  min- 
utes in  subject  *'B."  The  salol  motility  test  reacted  in 
2  hours  and  22  minutes.  This  subject  '*B"  felt  very  w^ell 
all  day.  At  times  during  the  day  he  had  slight  intima^ 
tione  of  indigestion.  The  condition  of  the  circulation  is 
shown  in  prottxxil  2S.  The  blood -pressure  was  well  main- 
tained in  the  normal  manner,  excepting  at  times  when  the 
effects  of  the  hot  stuffy  cabin  manifested  themselves  by 
impaired  vaso-motor  tonus. 

August  let. — On  this  day  the  weather  was  warm,  but 
on  account  of  rain  and  mist  the  port-holes  were  kept  closed. 
Subject  '*B''  felt  well  in  every  way  except  for  an  occiisional 
feeling  of  indigestion.  He  had  no  symptoms  that  could 
be  attributed  to  the  motion  of  the  Iwat.  Tlie  circulation 
as  shox^TL  in  {jrotocol  24  was  not  properly  maintained  in 
the  normal  manner.  There  is  evidence  of  vaso-motor  in- 
efficiency which  is  perhaps  to  be  attributtid  to  the  effects 
of  the  warm  stufly  cabin.  The  effects  of  hot  and  cold  air 
upon  the  circulation  are  of  importance  not  only  in  seasick- 
ness, but  in  any  condition  where  the  vaso-motor  tone  needs 
watching.  As  we  have  seen,  time  and  again,  seasickness 
is  not  due  primarily  to  disturbance  of  the  circulation  and 
yet  the  latter  is  such  a  usual  and  constant  phenomenon  in 
the  malady  tliat  whatever  hinders  or  helps  the  efficiency 
of  the  circulatoiy  mechanisms  becomes  a  matter  of  mo- 
ment to  the  sufferer.     The  good  effect  of  cool  fresh  air 


Tbe  dlfcicppe  bcUicctt  tiie  toci»id  nemu^Tas- 
enlsr  iiiwlMfiiPiPff  and  tlw  iwmm  niiiTii  ineclmiiflDi  that 
i«  eriiamlfd  from  ofvcntiBiiiktran  gbonld  cooeitantlj  be 
Kmaabered.  In  the  ioiniMr  oooditicn  the  mechamsm  ie 
intect  and  iDnsnres  td  toobb  it  to  actiTity  may  be  em- 
ly  8Dch  as  mild  exefeiser  frictkn,  tiMfmic  etimiLlation 

cold  bathing,  and  even  drags.  In  Uie  latter  condition, 
which  IB  the  dbatacteriBtic  odb  of  true  BeasicknoBs,  the 
netuo-vasciilar  mechanisin  is  exhansted  from  overwork. 
For  flU  practical  piirpoees  of  therapy  intended  to  directly 
enhance  yaso-motor  ^cienc^,  there  Le  no  neuio-vascul^ 
mechanism,  and  it  is  irrational  and  harmful  to  by  to 
stimulate  the  medullary  centres  or  the  sympathetic  nervous 
system  under  th€8e  conditions^  Here  the  problem  has  to 
be  approached  from  the  other  gide.  If  nothing  may  be 
done  directly  to  enhance  lessened  vaso-motor  efficiency  the 
most  should  be  made  of  what  remains  by  conserving  the 
circulatory  mechanisms  and  diminishing  to  the  utmost 
the  demands  put  upon  them.  The  principle  of  adaptation 
of  the  functional  activities  to  the  capacity  of  any  organ  or 
set  of  organs,  or  to  the  capacity  of  the  organism  as  a 
whole,  finds  application  in  seasickness  as  in  every  other 
condition  that  faces  the  medical  stratL^gist  Any  kind 
of  treatment  that  offers  hope  must  not  be  employed.  A 
thorough  undergtanding  of  the  underlying  causes  and  con- 
ditions is  inip*irati\*e  in  order  that  the  best  method  of 
treatment  in  the  individual  case  may  be  discovered  and 
applifxl. 

August  2d.— The  effects  of  a  hot,  stuffy  cabin  upon 
the  circulation  are  shown  in  parts  of  protocols  24  and  25. 
The  contraBt  between  the  condition  of  the  circulation  after 
a  night  in  a  close  cabin  and  when  the  port-holes  were  open 
later  in  the  morning^  chaHenges  attention.  See  protocol 
25.  The  vaeo-motor  efficiency  frf)m  11.86  a.m.  until 
9.r)Ji  p.m.  was  perfect.  During  all  this  time  the  port- 
holes were  ojien,  the  temperature  of  the  cabin  being  about 

After  breakfast  at  9.B6  a.m.  the  K  I  absorption  test 
showed  in  subject  "B"  a  positive  reaction  in  27  minutes. 
At  9.65  a.m.  subject  '^B^'  took  ten  drops  of  dilute  HCl, 
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to  aecertain  whether  it  would  hasten,  the  progress  of  food 
through  the  pyloms.  It  was  noted  that  the  salol  teat 
showed  a  positive  reaction  in  exactly  the  same  time  that 
it  took  upon  July  81st,  vi^. ,  2  hours  and  23  minutes. 
Obsen^ations  on  subject  '*S"  showed  thiit  the  cool  cabin 
had  little  effect  in  restoring  vaso-motor  efficiency.  This 
eubject^s  vaso-motor  mechanism,  as  we  have  before  re- 
marked, is  of  an  altogether  different  type  from  that  of 
' Buljjeet  "B.  * '  Subject ' * S"  seldom  perspires  freely.  Cold 
bathing,  if  continued  for  any  length  of  time,  makes  him 
blue  all  over  and  sets  up  actual  rigours  which  last  for 
some  time.  With  eubject  "B"  cold  bathing  cauBes  the 
usual  reaction,  i.e.,  tonic  hypenemia  with  the  glowing 
skin  and  general  sense  of  well-being  that  accompanies  it. 
Here  is  another  indication  of  the  necessity  of  closely  study- 
ing the  circulatory  mechanism  in  every  individual  be- 
fore recommending  cold  procedures  in  hydrotherapy. 

August  Bd. — ^In  the  early  part,  of  the  day  the  weather 
was  somewhat  warmer,  the  temperatiire  in  the  cabin  being 
74"^  F.  at  7.47  a-m.  The  port-holes  were  oi>en,  but  the 
cabin  was  on  the  leeward  side  and  there  was  no  fresh  breeze 
blowing  in.  The  effect  upon  the  circulation  is  shown  in 
protocol  26.  The  effects  of  tlie  c<x>l  night  are  well  shown. 
Subject  *^B"  felt  very^  well  all  day. 

August  4th. — On  this  day  the  weather  was  cool,  but 
wet  and  windy.  There  was  little  motion  to  the  boat. 
The  port-holes  were  closed  all  night  on  account  of  rain. 
The  effect  upon  the  circulation  is  shown  in  protocol  26, 
The  subject  felt  well  all  day. 

August  5th. — On  awakening  the  ship  was  lying  in 
New  York  Harlxjur.  Subject  *'B*'  felt  well  in  every  way. 
The  temperature  in  the  cabin  was  71  °  F.,  but  the  air  was 
*' stuffy.'*  The  effect  upon  the  circulation  is  shown  in 
protocol  26. 

At  8  a.m.  the  passengers  were  landed  in  New  York. 


CHAPTER  XXVm 

STUDIES  IN  SEASICKNESS   (Continued) 


So  far  the  experiments  had  shown  that  atropin  in 
combination  with  stTj'chnin  is  very  effective  in  overoonn- 
ing  the  chief  disagreeable  symptoms  of  seasickness.  It 
was,  however,  apparent,  notwithstanding  the  subjective 
sense  of  well-being^  that  the  gastric  functions  were  any- 
thing but  normal.  An  effort  was  therefore  made  to  find 
some  means  whereby  the  good  effects  of  atropin  and 
strychnin  might  be  supplement^,  the  special  object  in 
view  being  improvement  in  gastric  secretion,  absorption 
and  motility.  A  series  of  experiments  was  undertaken 
in  which  decoctions  of  the  mucous  membrane  of  the 
duodenum,  and  of  the  pylorus  and  other  regions  of  the 
stomach,  made  after  the  manner  described  by  Bayliss  and 
Starling  •*  and  by  Edkins,^*  were  thoTOUghly  tested  by 
means  of  rotations.  These  experiments  belong  to  & 
separate  series  and  are  detailed  elsewhere.  The  results, 
however,  warranted  a  trial  of  the  decoctions  in  seasick- 
ness. Accordingly  several  sea-trips  were  undertaken  with 
this  object  in  view.  Each  of  the  three  subjects  used  for 
the  puq>ose  of  this  study  had  been  a  long  time  under 
observation.  Numerous  test  meals  had  been  given  to 
each  on  various  occasions,  so  that  the  condition  of  the 
stomach  in  each  as  regards  secretion,  absorption  and 
motility  was  thoroughly  understood.  During  these  testa 
observations  of  the  pulse-rate  and  blood-pressure  were  also 
made  as  well  as  a  study  of  the  changes  occurring  in  the 
retinal  vessels  during  the  milder  forms  of  seasickness. 

On  November  8,  1910,  a  trip  lasting  about  nine  hours 
was  made  uiwn  the  steamship  A  n(/ler.  The  weather  was 
fair,  but  on  the  outward  leg  of  the  trip  the  boat  pitched 
and  rolled  just  enough  to  excite  in  all  three  subjects  some 
of  theuiilder  symptoms  of  BeaBickneBS.    During  a  period 
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when  the  boat  was  at  anchor  the  rolling  was  bo  bad  that 
one  of  the  subjects,  "B,"  became  very  Bick  and  succeeded 
in  retaining  his  teetmeal  for  the  accuBtomed  hour  only  by 
remaining  absolutely  quiet  and  exercising  all  the  seli- 
control  at  his  command. 

Subject  ''C"  had  an  instillation  of  homatropin  in  the 
right  eye  and  the  retinal  vessels  were  studied  with  the 
ophtlialni08coj>e  at  the  commencement  of,  and  several  times 
during,  the  trip.  As  the  boat  startc^d  at  8.20  a.m.  the 
retinal  veins  and  arteries  were  somewhat  constricted,  the 
veins  being  slightly  larger  than  the  arteries.  The  blood- 
presBure  at  this  time  was  145  and  the  pulse-rate  92.  At 
8.52  the  retinal  vessels  appeared  to  be  slightly  smaller, 
the  white  line  of  the  arteries  being  more  marked,  although 
the  retina  as  a  whole  was  not  very  pale.  The  pupil  was 
well  dilated  and  yet  some  difficiiLty  was  experienced  in 
studying  the  fundus  at  this  period,  because  of  the  boat's 
motion  and  the  unsteadiness  of  the  candle-flame,  an  added 
factor  being  perhaps  some  slight  changes  in  the  refractive 
mechanisms.  The  blood-pressure  at  this  time  was  120 
and  the  pulse- rate  76.  At  11.52  the  retinal  veins  were 
dilated  as  compared  with  the  arteries  which  were  very 
small.  The  retina  looked  paler  than  previously.  The 
subject  felt  '^a  little  queer  in  the  head,"  i.e.,  heavy  and 
groggy.  At  11.21  the  blood-pressure  was  185  and  the 
pulse-rate  84.  This  subject  *'C"  has,  in  the  receptors 
or  afferent  arcs  related  to  his  horizontal  semicircular 
canals  a  certain  degree  of  insensitiveness  to  aural  irriga- 
tions, rotations  and  galvaniBm.  This  was  manifested  on 
mmierous  occasions  in  experimental  tests.  It  was  there- 
fore a  matter  of  interest  to  find  that,  on  this  trip  as  be 
6iit  with  the  coronal  plane  parallel  to  the  long  axis  of  the 
boat,  the  rolling  motion  (through  his  superior  and  pos- 
terior canals)  so  weiikened  him  during  the  period  that 
the  boat  lay  at  anchor  that  he  could  scarcely  etand- 
This  weakness  w^as  accompanied  by  nausea,  vertigo  and 
nystagmus,  the  latter  l>eing  vertical  toward  the  feet  and 
accompanied  by  an  apparent  movement  of  external  objects 
"away  from  him  in  front."  At  S.B2  an  Ewald  meal  was 
given  upon  the  fasting  stomach  and  removed  at  9.32.  The 
chyme  returned  was  I'lv  and  contained  a  little  fresh  blot:>d. 
At  10. 16  a  decoction  of  pig's  pyloric  mucous  membrane, 
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repreeenting  J  of  the  yield  of  four  Btomachs,  was  given  it 
ita  purity  per  os  and  followed  l)y  a  few  sips  of  water* 
At  10.25  an  Ewald  meal  was  given  in  which  allowance 
was  made  for  tlie  fluid  taken  as  pyloric  deooction  and  a9 
the  mouth  rlnser  that  followed  it.  At  11.28  the  stomach 
contents  were  withdrawn,  the  amoimt  of  chynae  l^eing  ^ivj 
With  this  meal  the  K  I  ahsorption  t^Ft  nmcted  for  iodip 
in  the  mouth  at  10.41,  i.e. ,  in  nineteen  minutes.  The  said 
test  showed  no  reaction  within  the  hour  aiid  only  a  feebl( 
reaction  at  11. 4S. 

Anal vs is  showed  for  the  first  meal:  total  acidity, 
.848%  by  wt.,  free  HCl,  .211,  combined  HOI,  ,102;  an^ 
for  tilt)  Bocond  inoal :  total  acidity,  .284,  free  HCl,  .22(i| 
combined  HCl,  .086. 

The  amount  of  free  PICl  after  these  two  meals  wj 
unusual  ftir  the  suiiject,  who  under  somewhat  similar  ci 
cumstances,  i.e.,  in  rotations  generally  allowed  free  HC 
diniinishtHi  or  a))sent.  As  the  subject  had  been  up  earlj 
and  had  had  no  food  before  8.32  a.m.,  it  is  presumed  tha 
the  resting  sttite  of  the  gastric  glands  coupled  with  norma 
hunger  had  somethmg  to  do  with  the  production  of 
much  free  HCl  in  the  first  meal,  whilst  in  the  second  mei^ 
tlie  h  igh  percentage  of  free  HCl  might  perhaps  be  attributec 
in  part  to  the  pyloric  decoction. 

The  latter  assumption,  however,  gains  no  support  froi 
the  results  of  the  test  meals  given  to  the  other  subjec 
**B  and  S"  in  whom  there  was  no  distinct  increase  0 
free  HCl  in  the  t-est  meals  following  the  administration  o! 
pyloric  extract.  It  is  possible  that  in  tliie  test  some  fl 
the  gastric  contents  from  the  pi-evious  meal  remained  i 
the  stomach,  as  there  is  no  mention  in  the  notes  of  th« 
stomach  having  been  irrigated  after  removal  of  the  firS 
Ewald  meal. 

Analysis  of  specimen  taken  Nov.  8th  on  the  Angler  from  suli 
ject  "C.  •'  Ingested  at  8.30  a.m.  an  Ewald  breakfast.  Re 
moved  at  &,32,  Amount  of  chyme,  liv.  Resorcin  1 
showed  the  presence  of  free  HCl. 


Tot  acidity,   94,  or  .343%  by 

wt. 
Free  HCl  58,  or, 211%  by  wt 
Comb'd  HCl,   28.  or  .102%  by 

wt 


Tot  HCb  86,  or  ,318%  by 
Acid  salts,  8,  or  ,029%  by 

Lactic  acid,  trace. 
Starchy  absent 
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Amjrlodextrin,  trace. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  preseot 
Albumin,  trace. 


Peptones,  present 
Enzymes,  normal. 
Bile,  absent 
Mucus,  small  amount 
Blood,  present 


Note.  A  em  all  amount  of  fresh  blood  came  with  the  laat  of 
the  stomach  contents. 

Analysis  of  specimen  taken  Nov,  8th  on  board  the  Angler  from 
subject  "Q"  Ingested  at  10.25  a.ra.  an  Ewald  test  meal  fol- 
lowinff  the  administration  peros  of  pyloric  extract  at  10.16. 
Withdrawn  at  11.28.  Amount  of  chyme,  liv.  The  chyme 
contained  a  few  old  blood-stained  shreds  but  no  free  blood. 
Resorcin  test  showed  the  presence  of  free  HCL 

Tot  acidity,    78,  or  .284%  by 

nv  t 
Free  HCl,  62,  or  .226%  by  wt 
Comb'd  HCl,   10,  or  .036%  by 

wt 
Tot  HCl,  72.  or  .2627o  by  wt 
Acid  salts,  6,  or  .021%  by  wt 


Lactic  acid,  trace. 
Starch,  absent 
Amylodextrin,  trace, 
Erythrodextrin,  present 


Achroodextrin,  present 

Maltose,  present. 

Albumin,  trace. 

Peptones,  present 

Bile,  absent 

Mucus,  very  little. 

Blood,  absent 

CoaRU  1  at ing- enzymes,  normal. 

Peptonizing  enzymes  (pepsin), 
subnormal. 

Peptonizing  zymogens  (pep- 
sinogen), Bubnormal. 


Note,  The  test  for  pepsin  and  pepsinogen  showed  a  poor 
degree  of  digestion  as  compared  with  the  controls. 

The  testa  made  with  subject*' B"  on  board  the  Angler 
November  8th  were  as  followa:  The  subject  arose  at  5  a.m. 
and  had  breakfast  at  5.30,  consisting  of  6  oz.  of  bread  with 
butter,  2  lx)iled  eggB  with  butter  4  oz. ,  and  tv\^o  cups  of 
weak  tea  with  milk  and  sugar.  At  7.56  whilst  the  Ixmt 
was  still  at  the  wharf  the  bbx^d-preBsure  was  14Q  and  the 
pulse-rate  96.  This  condition  of  the  circulation  was  due 
to  the  hoav)"^  choppy  motion  of  the  boat,  which  caused 
marked  dizziness  in  this  susceptible  subject.  A  few  mo- 
ments later  the  subject  was  sweating  and  the  face  and 
ears  were  flushed.  At  this  time  the  blood -pressure  and 
pulse-rate  were  90  and  96  respectively.  The  cabin  was 
warm  and  stuffy  and  the  odour  of  l)ilge  water  extremely 
offensive.  At  8.20  the  boat  started.  During  the  first 
part  of  the  journey  the  l>oat  was  fairly  steady,  but  the  air  in 
the  cabin  was  bad  and  affected  the  subject  considerably. 
The  vibration  of  tbe  machinery  waa  also  annoying.     Th© 


rablect  hftd  a  ili^it  oecipital  adxwitli  s  mama  of  folnea 
in  uie  bead  The  ^Kse  was  flnsiied  and  haL  The  og^ 
of  the  water  rafihiog  paM  the  boat  cao^ed  distvoBB.  Tben 
WB0  nausea  aooopipanied  bj  chilly  aenaatiaiis  akog  1^ 
mne.  Hie  subject  aat  with  the  oaimal  plaae  paiallei  (d 
the  long  axis  of  the  boot,  At9.06  the Uood-preaaoie  ms 
140  and  the  pulse-rate  96.  Tlie  aabject  at  this  time  wm 
sitting  in  his  shiitr^leereB  in  the  path  of  a  cool  breete 
from  an  open  door.  He  felt  weak  and  nentjns  all  orer. 
There  was  eome  nausea  coupled  with  a  sli^t  **liimp- 
Ben«ation"  in  the  stomach  and  a  eickamig  heavy  acbe 
all  through  the  head  {thlor  cerebri).  Lig^t  was  anoojing 
to  the  eyes  wbiM  noise  of  any  sort  was  distinctly  implesa- 
ant.  Psychic  depression  was  marked.  The  boat  voUed 
constantly,  the  movements  being  short  and  abrupt.  At 
10,01  the  blfxjd -pressure  was  140  and  the  pulse-rate  M. 
At  10.50,  aft^r  removal  of  its  oontentB,  the  stomach  was 
irrigated.  The  chyme  amounted  to  5  iii  and  contained 
much  mucus  and  a  few  old  blood-stained  shreds.  At  this 
time  (1L07)  the  boat,  lying  at  anchor,  rolled  very  much. 
At  1 L 1 1  pyloric  extract  equivalent  ttj  J  of  the  yield  of  four 
stfjmachs  was  given  per  os.  This  was  followed  by  an 
Ewald  te^t  meal  at  1 1 .  16  as  in  the  case  of  subject  *  *  C. '  *  At 
11.22  thesubjf^t  felt  heavy  and  wretched,  the  head  ached, 
thf?  face  was  flushed  and  warm,  and  the  feet  were  cold. 
At  11.85  the  blocxl -pressure  was  140  and  the  pulse-rate 
70.  At  11.42  the  subject  felt  a  slight  "lump- sensation** 
in  the  Btomach  toward  the  left  of  the  epigastrium  and 
with  thiH  a  "groggy,  dnmkcn  heaviness**  in  the  head. 
The  b<mt  was  still  at  anchor  but  rocking  in  a  distressing 
manner.  At  11.53  the  subject  felt  nauseated  and  sick. 
The  lump-senflation  waa  present  in  the  stomach,  and  the 
fat^e  waii  flushed.  A  moment  later  the  subject  was  on  the 
verge  of  vomiting;  the  skin  became  pale  and  broke  out  in 
Bweat.  At  12.05  the  }>lood-pre88ure  was  145  and  the  pulse- 
rate  76.  The  subject  was  still  sweating,  and  very  sick. 
Lr>ng  deep  breaths  were  frequently  taken,  the  subject's 
weakness  was  extreme  and  he  experienced  a  sense  of  8u£Fo> 
cation  as  if  *' smoke  were  in  the  lungs  preventing  the 
entmnce  of  tlie  air. '^  There  were  Bigns  of  marked  irrita- 
bility of  temper  which  was,  however,  to  a  great  extent 
controlled,    After  a  few  ^ninutea  the  attack  passed  off.    The 
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Biibject*B  face  assumed  a  better  color;  the  feet  became 
warm,  but  the  muiscleB  were  still  very  tremulonB  and  weak. 
The  reepiratioDS  just  after  the  attack  wem  from  twelve  to 
fourteen  to  the  minute. 

It  will  be  noted  that  all  through  the  above  attack  there 
was  marked  physical  and  psychic  depression  and  yet  the 
blood-presBure  was  high  for  this  subjectj  i.e.,  145  as  com- 
pared with  the  normal,  which  for  him  is  about  110-  The 
pulee-nit^  was  also  remarkable  in  being  rather  slow,  76  as 
compared  with  the  normal  which  averages  for  this  subject 
88  to  92.  More  remarkable  still  was  the  fact  that  at  no  time 
was  there  any  gagging  or  contraction  of  the  abdominal 
muscles.  These  observations  show  that  lowered  blood- 
pressure  is  not  necessarily  associated  with  the  extreme 
sense  of  weakness  that  precedes  vomiting.  This  fact,  how- 
ever, must  not  be  interpreted  as  meaning  that  everything 
goes  well  with  the  circulation  in  the  pre-vomiting  stage. 
On  the  contrary;  for  whilst  the  peripheral  vascidar  con- 
striction with  slowed  heart-rate  (both  being  the  direct 
result  of  medullary  irritation)  may  suffice  to  maintain  a 
high  blood-presBure  yet  the  volume  of  the  heart's  output 
is  so  small  in  any  given  peri^jd  that  medullary  anemia 
ensues.  This  latter  condition  may,  to  a  great  extent,  l>e 
relieved  by  reciunbency  but  nature  has  a  most  effective 
way  of  meeting  it  by  vomiting  which  rids  the  subject  of 
one  of  the  p^jwerful  {secondar^"^)  causes  of  medullary  irri- 
tation, viz.,  the  gastric  contents,  and  at  the  same  time  pro- 
motes the  flow  of  abdominal  blood  toward  the  heart,  i.e., 
raises  the  blood-pressure  by  mechanical  means  thereby 
obviating,  to  some  extjent,  the  necessity  for  extreme  pe- 
ripheral arterial  constriction.  Without  entering  into  a  dis- 
cussion as  to  the  mechanism  of  shock,  i.e.,  as  to  whether 
shock  is  due  to  arterial  relaxation  (Crile)  or  to  arterial 
constriction  (Porter),  or  to  venous  relaxation  (Hender- 
son), it  can  be  safely  said  that  the  end  result  of  the  vom- 
iting is  the  same,  viz. ,  the  supply  of  a  greater  volume  of 
blood  to  the  medullary  centres  with  less  effort  on  the  part 
of  the  cardiovascular  system. 

At  12,18  tlie  stomach  contents  were  removed  by  vomit- 
ing. The  amount  of  chyme  recovered  was  ?ixss.  It  con- 
tained a  moderate  amount  of  mucus,  and  a  few  old  blood- 
stained scales.     The  salol,  which  had  been  administered 
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{n  a  gfiUHirKf  capffok  at  the  end  of  tbe  umb^  wwb 
JM  a  moi^  maai  bat  inlacty  jiistaa  it  had  bee 
only  minoa  the  qymia.  Owing  to  thia  fact  in  all 
#|tiimi  ^^perimeisti  the  talol  waa  admimatered  at  Hie  be- 
ginning of  the  toit  meala  instead  of  at  the  end  aa  in  pie- 
fiooatetta. 

Immediatdy  aft/^TVomiting,  the siib|eet lelt r&y  modi 
Ufttirr.  At  12.B7  the  biood-pressnre  waa  l-IOandtfaepoka- 
rato  70.  Tlio  mihy^tt  at  tfaiB  time  waa  feelii^  imufy  wcH 
but  h(i  Imd  a  iilight  headache  and  was  rery  weak.  Aa 
a'Km,  hnwover,  aM  the  boat  weired  anchor  and  got 
^Umni  tho  vtyo\  Air  benefited  him  vezj  much.  At  6  p. 
thri  iiriiif)  WHA  nomml.  There  was  no  eridenee  of  albot^ 
iinny  nuKitr,  ar  glycuronic  acid. 


Analyvtt  of  wpucimf^n  taken  Nov.  8th  on  board  the  AngUr  from 
•ubjoci  "B.  *'  lm<ttiU*i\  at  5.30  a. m,— breakfast  consiatina' 
of  2  jiof t-boikd  ejCKii  with  4  oz.  of  butter ;  2  cups  of  weak 
tan  with  milk  nntl  Hu^ar  and  6  oz.  of  bread  with  2  oz.  of 
bi3ti4^r.  Romoved  at  10.50.  The  chyme  was  |  iii  in  amount 
nnd  rem talned  much  thick  mucus  with  a  few  tiny,  old,  blood* 
Htiiini'd  RCAI09,  Refiorcin  test  showed  absent  or  very  great- 
ly diminlihod  tree  HCl. 


Tot.  Heidi  ty.   32,  or  .1167(/  by 

wt 
Free  HCl.  6,  or  .021%  by  wt 
Comb'd  HGl,    20,  or  .078%  by 

Tot  ilCl  26.  or  .004%,  by  wt. 
Acid  iftltii,  6,  or  .021%  by  wL 
Lactic  ucid,  prvnont 
Btarch.  abiont 
Amylodcxtrin.  abHt-nt 
Brythrmlpxtrin^  ub»ent 
Acnnrt^li'xtrin,  abaent 


Maltose,  present 

Albumin,  present 

Peptones,  faint  trace. 

Coagulating  enzymes  (chynao- 
8in)j  present 

Peptonizing:  enzymes  (pepsin), 
diminiahed  or  absent 

Peptonizing  zymogen  (pepsin- 
ogen), present 

Bile,  absent 

Mucus,    considerable  amount 

Blood,  absent 


Notf\  Thrn'  was  no  evidence  of  gross  fat  in  the  chyme. 
flori>tion  and  motility  tests  not  made. 


Ab- 


Anntyiin  of  Bpodmon  taken  Nov,  8th  on  board  the  Angler  from 
Hubject  *'B. *'  Ingested  at  11.16  a.m.  an  Ewald  breakfast, 
prcH"(Hlcd  at  11.11  by  pyloric  extract  given  per  ct8  and 
rt'iirosiinting  |  of  the  yield  of  4  stomachs.  Removed  by 
vomiting  at  12.16.  The  chyme  amounted  to  5ixss  and  con- 
tained II  moderate  amount  of  mucus  with  a  few  old,  blood- 
itainod  scales.  Resorcin  test  showed  absent  or  considerably 
diminished  free  HCL 


SEASICKNESS 


Tot  acidity,   26,  or  .094%  by 

wt. 
Free  HCl,   6,  or  .021%  by  wt 
Comb'd  HCl,    14,  or  .051%  by 

wt. 
Tot  free  HCl,  20,  or  .073%  by 

wt 
Acid  salts,  6,  or  .021%  by  wt 

Lactic  acid,  trace. 
Starchy  absent 
Amylodextrin,  absent 
Erythrodextrin,  trace. 


Achroodextrin,  present 

Maltose,  present 

Albumin,  present 

Peptones,  faint  trace. 

Peptonizing  enzymes  (pepsin), 
diminished  or  absent 

Peptonizing  zymogens  (pep- 
sinogen), present 

Coagulating^  enzymes  (cbynno- 
sin),  present 

Bile,  absent 

Mucus,  moderate  amount 

Blood,  absent 


The  K  I  absorption  test  showed  iodin  in  the  saliva  in  17 
minutes.  The  salol  (motility)  teat  did  not  react  within  the 
hour. 


Experiments  made  November  8th  on  board  the  Anghr 
upon  subject  *'S."  At  8,00  a.m.  the  blood -pressure  waa 
i;^5  and  lie  pulse-rate  76-  At  this  time  the  boat  was  be- 
side the  pier,  and  rocking  very  much.  At  8.20  the  boat 
started,  and  at  8.42  an  Ewald  meal  was  given  upon  the 
fasting  stomach.  At  8. 54  the  boat  was  fairly  st-eady.  The 
blood-presBure  at  this  time  was  140,  and  the  pulse-rafce  72. 
At  9. 25  the  blood-preBSure  was  130  and  the  pulse-rate  72, 
At  9.42  the  stomach  contents  were  removed.  The  chyme 
amounted  to  liiij,  and  contained  nothing  abnormal. 
During  the  journey  so  far,  the  boat  had  behaved  fairly 
well.  It  pitched  and  rolled  a  little,  however,  just  enough 
to  cause  disagreeable  symptoms   in  subjects  "B"  and 

At  9.55  atropin  sulphate,  gr  1/50,  was  administered 
hypodermically.  At  10.28  the  blood-pressure  was  180 
and  the  pulse-rate  10-4.  The  rapid  pulse,  a  very  unusual 
thing  in  this  subject,  represents  the  atropin  effect  upon 
the  vague  terminals  in  the  heart.  The  boat  was  rolling 
somewhat  at  this  period.  At  10.  B8  pyloric  extract,  equiva- 
lent to  J  of  the  yield  of  4  stomachs,  waa  given  per  os. 
At  10.44  an  Ewald  test  meal  was  given.  At  11.30  the 
blood-pressure  was  135,  and  the  pulse-rate  92.  At  11.42 
the  stomach  contents  were  removed.  The  chyme  amounted 
to  5v8S  and  contained  nothing  abnormal.  During  the 
time  tliat  the  test  meal  was  retained  the  subject  complained 
of  no  disagreeable  feelings  although  the  boat  rocked  cob- 
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Biderably  as  she  lay  at  anchor.  At  11. 53  there  was  heavi- 
ness over  the  eyes.  Otherwise  the  subject  felt  well.  At 
11.48  the  blood-pressure  was  125  and  the  pulse-rate  80. 

Analysis  of  specimen  taken  Nov.  8th  on  board  the  Angler  from 

subject  "S,"  Ingested  at  8,42  a, m.  an  Ewald  breakfast. 
Removed  at  9.42.  The  chyme  was  |  iit|  in  amount  and  con- 
tained nothing  abnormal  macroacopically,  Resorcin  teat 
showed  the  presence  of  free  HCI. 

Tot  acidity,    80,  or  .292%  by 

wt. 
Free  HCI,  54,  or  .197%  by  wt 
Comb'd  HCI,    16,  or  .058%  by 

wt 
Tot  HCI,  70,  or  .255%  by  wt 
Acid  salts,  10,  or. 036%  by  wt 
Lactic  acid,  trace. 
Starch,  absent 


Amylodextrin,  present 
Erythrodextrin,  present 
Maltose,   no  marked  reaction. 
Albumin,    faint  trace. 
Peptones,  present 
Enzymes,  normal. 
Bile,  absent 
Mucua,  no  excess. 
Blocid>  absent 


Absorption  and  motility  tests  not  made. 

Analysis  of  specimen  taken  Nov.  8th  on  board  the  Angler  from 
subject  **S/'  Ingested  at  10.44  a,m.  an  Ewald  test  meal, 
preceded  by  atropin  sulphate,  gr  1 50  hypodermically,  at 
9.55,  and  pyloric  extract  per  os  equivalent  to  |  of  the  yield 
of  4  stomachs  at  10.33.  Removed  at  11.44.  The  chyme 
amounted  to  Ivaa  and  contained  nothing  abnormal  macro- 
scopically*    Resorcin  test  showed  the  presence  of  free  HCI. 

Tot  acidity.    54,  or  .197%  by 

wt 
Free  HCI,  26,  or  .094%,  by  wt 
Comb'd  HCI.   22,  or  .080%  by 

wt 
Tot  HCI,  48,  or  .174%  by  wt 
Acid  salts,  6,  or  .021%  by  wt 


Lactic  acid,  trace. 

Starch,  absent 
Amylodextrin,  present 
Erythrodextrin,  present 


Achro5dextrin,  present 

Maltose,  present 

Albumin,  faint  trace. 

Peptones,  present 

Peptonizing  enzymes  (pepsin), 
diminished. 

Peptonizing  zymogens  (pep- 
sinogen), diminished. 

Coagulating  enzymes,  normal. 

Bile,  absent 

Mucus,  no  excess. 

Blood,  absent 


The  K  I  absorption  test  showed  iodin  in  the  saliva  in  19 
minutes.  The  salol  test  showed  no  reaction  within  the  hour. 
The  pyloric  extract  used  in  the  tests  made  on  November  8th  had 
been  made  some  weeks  and  might  therefore  have  undergone 
oxidation  which  seems  to  render  it  inert 


On  Novembf^r  20th  another  trip,  lasting  alx>ut  eight 
hours,  was  made  on  the  A  ngler.    On  this  occasion  teste 


were  made  upon  tbe  same  subjects  as  in  the  previous  ex- 
periments. As  Edkine  ^^  has  shown  on  animals  that  atropin 
does  not  affect  the  action  of  pyloric  secretogogues,  the 
action  of  this  drug  in  conjunction  with  extracts  of  gastric 
mucous  membrane  waa  studied  in  subjects '^B"  and  '*C/* 
whilst  in  subject  "S"  the  effect  of  the  extracts  alone,  i.e., 
without  atropin  was  ohserved.  The  blood-pressure  and 
pulse-rate  and  the  general  symptoms  were  also  studied.  In 
subject  "C*'  the  condition  of  the  retinal  vessels  was 
studied. 

Observations  made  November  20th  on  subject  **C. " 
At  8.80  a.m.  two  glasses  of  diluted  (half  and  half)  milk 
were  taken.  At  0.30  one  cup  of  water  was  taken  and 
another  at  7.  The  bowels  moved  rather  freely  at  6.80, 
^S^  and  7.  These  movements  were  the  result  of 
cathartics  taken  on  the  previous  day.  At  8  a.m.,  after 
boarding  tbe  AnghVy  the  bloi^d-pressure  was  140  and  the 
pulee-nite  100.  The  boat  started  at  8.07.  At  S.21  an 
instillation  of  homatropin  was  given  in  the  right  eye. 
At  8*42  the  retinal  arteries  were  about  normal  in  size  and 
of  a  slightly  greyish  color.  The  veins  were  somewhat 
larger  than  the  arteries  and  of  a  dull  red  hue.  The  fundus 
as  a  whole  was  of  a  rich  red  colour.  The  botit  was  going 
Bteadily— no  motion  being  manifested  beyond  the  vibra- 
tion from  the  engines.  At  8.58  an  Ewald  meal  was  given. 
At  9,07  the  blood- pressures  were  140,  145,  140,  140,  with 
corresponding  pulse-rates  of  100,  96,  100,  100,  The  boat 
was  pitching  and  rolling  somewhat  at  this  period.  At 
9.35  the  blood -pressure  and  pulse-rate  were  1S5  and  100 
respectively.  At  9,40  the  retinal  vessels  were  about  the 
same  aa  when  observed  at  8.42.  Just  after  the  ophthal- 
moscopic examination  of  the  eye  the  blrH>d-pressure  and 
pulse-rate  were  185  and  90.  At  9.58  the  stomach  con- 
tents were  removed.  The  chyme  was  siiij  in  amount  and 
contained  a  modoratt?  amount  of  nuieiis  and  a  few  old 
blood-stained  scales.  After  removal  of  its  contents  the 
stomach  was  irrigated.  At  10,25  atrttpin  sulphate,  gr  1/50, 
was  given  hypodeiToically.  At  this  time  the  boat  was 
rolling  and  pitching  somewhat,  and  the  subject,  who  was 
sitting  with  the  coronal  plane  parallel  to  the  long  axis  of 
the  boat,  felt  a  little  distress  in  the  head.  At  10.47  the 
subject  received,  per  osj  extracts  from  the  gastric  mucous 
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membrane  of  the  pig  (fundic  and  intermediate  portions), 
each  portion  representing  J  of  the  yield  of  four  stcjmachs. 
The  bulk  of  the  extracts  was  fjv.  At  11.04  the  boat  waa 
roUing  coneiderably.  The  blood-preesure  and  pulse-rate 
were  140  and  1 10  reEpectively.  The  puke-rate  evidently- 
indicated  the  atropin  effect  upon  the  cardiac  vagus  temai- 
nale. 

At  11.19  the  boat,  lying  at  anchor,  rolled  considerably 
and  made  the  subject  feel  heavy  and  sleepy.  At  1L20 
the  retinal  arteries  were  distinctly  smaller,  whilst  the  veins 
were  comparatively  larger  and  darker.  The  fundus  &a  a 
whole  Beomed  paler  than  in  previous  observationa.  At 
11,32  an  Ewald  teat  meal  wae  given  and  removed  at  12.32 
p.m.  The  chyme  was  ^iii  in  amount  with  no  abnormal 
macroscopic  contents.  The  K  I  absorption  test  showed 
iodin  in  the  saliva  in  15  minutes.  The  salol  test  showed 
a  feeble,  unreliable  reaction  at  12.30  but  was  distinctly 
positive  at  1.  From  12.39  to  12.42  the  blood-pregsurea 
were  145,  146,  145j  145,  with  corresponding  pulse-ratee  of 
88,  88,  96,  92. 

At  2  p.m.  the  retinal  arteries  were  not  80  small  as  in 
the  previous  observations;  the  veins  were  a  trifle  larger 
than  tlie  arteries. 


Analysis  of  specimen  taken  Nov.  20th  on  board  the  Angkr  from 
sybject"C. "  log-ested  at  8.53  a,m.  an  Ewald  meal.  Re- 
moved at  9.53.  Amount  of  chyme,  ziii J.  No  sbnormal  mac* 
roscopic  contents.  Resorcin  test  showed  the  presence  of 
free  HCl 


Tot  acidity,   70.  or  .255%  by 

wt 
Free  HCb  50,  or  ,182%  by  wt 
Comb'd  HCl,    14,  or  .051%  by 

wt. 
Tot  HCl.  64.  or,2a37oby  wt 
Acid  salts,  6,  or  .021%  by  wt 

Lactic  acid,  trace. 
Starchy  absent 


Amylodextrin,  present 
Erythrodextrin,  present. 
Achroodextrin,  present 
Maltose,  present 
Albiimin,  absent 
Peptones,  present 
Enzymes,  normal 
Bile,  absent     . 
Mucus,  no  excess. 
Blood,  absent 


Note.  The  high  percentage  of  free  HCl  in  this  meat  a  very 
unusual  thing  for  this  subject,  may  be  in  part  the  result  of  the 
milk  taken  in  the  early  morninfif,  the  products  of  digestion  which 
lingered  in  the  stomach  acting  as  gastric  secretogogues. 
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Analysis  of  specimen  taken  Nov.  20th  on  board  the  Angler 
from  subject  "C"  Ingested  at  11-32  a.m.  an  Ewald  meal, 
after  atropin  sulphate,  gr  1  60  hypodermically,  at  10.25,  and 
intermediate  and  fundic  extracts  representing  for  each  por- 
tion I  of  the  yieM  of  4  stomachs  given  per  os  at  10.47. 
Withdrawn  at  12.32  p.m.  Amount  of  ch>Tne,  liii.  No  ab- 
normal macroscopic  contents.  Resorcin  test  showed  the 
presence  of  free  HCL 


Tot.  acidity,   54,  or  .1&7%  by 

wt 
Free  HCl,  40,  or  .146%  by  wt. 
Comb*d  HCl.   10,  or  .036%  by 

wt 
Tot.  HCl,  50,  or  .182%  by  wt. 
Acid  salts,   4,  or  .014%by  wt. 

Lactic  acid,  trace. 
Starch,  absent. 


Amylodextrin,  trace. 
Erythrodextrin,  present. 
Achroddextrin,  present. 
Maltose,  present. 
Albumin,  absent. 
Peptones,  present. 
Enzymes,  normal. 
Bile,  absent. 
Mucus,  no  excess. 
Blood,  absent. 


Such  a  percentage  of  free  HCl  as  shown  in  the  above  analy- 
sis never  occurred  in  this  subject  before  under  similar  circum- 
gtanees,  except  in  the  tests  of  November  8th,  when  it  resulted 
probably  from  secretogogues  retained  in  the  stomach  from  the 
previous  meat  This,  coupled  with  the  fact  that  in  the  tests 
made  upon  subjects  "B"  and  *  'S"  there  was  unusual  and  marked 
increase  of  the  free  HCl,  led  to  the  supposition  that  the  in- 
creased production  of  free  HCi  may  have  been  the  direct  result 
of  the  gastric  extracts. 

The  teetB  made  on  eubiect  "S,"  November  20th,  were 
as  follows :  The  air  wiis  rather  cold  and  sharp  as  the  A  iigler 
was  boarded.  At  8.07  a.m.  the  boat  started.  The  blood- 
pressure  and  pulae-rate  at  8.10  were  115  and  80  respec- 
tively and  at  8.18,  125  and  88.  The  Ixiat  had  rocked 
rather  freely  at  the  pier  but  was  fairly  steady  after  the 
start.  At  8.58  an  Ewald  breakfast  was  given.  The 
weather  was  fine  and  everything  looked  merry  in  the  bright 
sunlight.  At  9.08  the  blood-preesure  and  pulse- rate  were 
115  and  72  respectively.  At  9.68  the  stomach  contents 
were  removed  and  the  stomach  irrigated.  The  amount  of 
chyme  recovered  Tvas  3ii  w^ith  nothing  abnormal  macro- 
scopieally.  At  10.44  the  Bubject  received,  per  os,  extract 
of  fundic  and  intermediate  mucous  membrane  each  i>or- 
tion  representing  J  of  the  yield  of  four  stomachs.  The 
bulk  of  the  extract  was  f^v.  At  11  the  boat  was  rolling 
a  little  and  the  blood-pressure  and  pulse-rate  were  110  and 
72  respectively.  At  11.19  an  Ewald  test  meal  was  given. 
At  this  time  the  boat  was  lying  at  anchor  and  rolling  with 


eickening  effect.  At  11.20  the  stomach  contents  were 
removed.  The  chyme,  which  was  Jiii  in  amount,  con- 
tained nothing  abnoniml  macro&copically.  At  12.46  the 
blcwd-presBure  and  pulae-rate  were  1 15  and  68  respectively. 
The  subject  experienced  no  marked  disagreeable  effects 
from  the  trip.  After  going  home  he  had  several  loose 
movements  from  the  bowels. 


Analysis  of  specimen  taken  Nov.  20th  on  board  the  Angler  from 
aubject**S."  Ingested  at  8,58  a.m.  an  Ewald  breakfast. 
Withdrawn  at  9.58.  Chyme  amount  ?  ii.  Nothing  abnormal 
macroscopically.  Resorcin  test  showed  the  presence  of 
free  HCl. 

Tot  acidity.    88,  or  .321%  by 
wt. 

Free  HCl,  64,  or  .^3%  by  wt. 

Comb'd  HGl,  16,  or  .058%  by 
wt 

Tot.  HCl.  80,  or  .292%  by  wt. 

Acid  salts.  8,  or  .029%  by  wt. 


Amytooextrin,  trace. 
Erythrodextrin,  present. 
Achroodextrin,  present. 
Maltose,  trace. 
Albumin,  absent. 
Peptones,  present. 
Enzymes,  normal. 
Bile,  absent. 
Mucus,  no  excess. 
Blood,  absentk 


Lactic  acid,  trace. 
Starch,  absent 

Absorption  and  motility  testa  not  made. 

Note.  The  high  percentage  of  free  HCl  shown  above,  is  un- 
usual for  this  subject  and  may,  perhaps,  be  explained  by  the 
resting  state  of  the  glands  and  the  long  fast  Ordinarily  the 
subject  eats  breakfast  at  5.30  a.m.,  whereas  in  this  test  the  first 
food  was  taken  at  3.58  a.in. 


Analysis  of  specimen  taken  Nov.  20th  on  board  the  Angler 
from  subject  "S."  Ingested  at  11.19  a.m.  an  Ewald  meal. 
The  subject  had  received,  per  os,  at  10.44  extract  of  fundic 
and  intermediate  mucous  membrane,  each  part  representing 
I  of  the  yield  of  4  stomachs.  Withdrawn  at  12.20  p.m. 
Amount  of  chyme,  ?iii.  Nothing  abnormal  macroacopically. 
Resorcin  test  showed  the  presence  of  free  HCL 

Tot  acidity,   94.  or  .343%  by      Amylodextrin,  trace. 


wt 
Free  HCl,  72, 
CombM  HCl, 

wt 
Tot.  HCl,  92, 
Acid  salts.  2, 


or  .262%  bywt 
20,  or  .073%  by 

or.S35%  bywt 
or  .007%  by  wt. 


Lactic  acid,  trace. 
Starch,  absent. 


Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Albumin,  absent. 
Peptones,  present. 
Enzymes,  normal. 
Bile,  absent. 
Mucus,  no  excess. 
Blood,  absent 


The  K  I  absorption  teat  showed  the  presence  of  iodin  in  the 
saliva  in  15  minutes.    The  salot  did  not  react  within  the  hour 


but  reacted  positively  in  1  hour  and  45  minutea.  The  high  per- 
centage of  free  HCl  aeema  to  have  been  due  in  part  to  the 
effect  of  the  £:astric  extracts. 


The  teste  made  on  subject  "B"  November  20th,  on 
ooard  the  Angler,  were  as  follows:  The  subject  was  de- 
tained unexpectedly  and  had  to  run  650  yards  at  a  good 
pace  J  80  as  not  to  raisB  the  lx>at.  After  going  on  board  he 
experienced  some  tightness  in  the  cheet  as  if  smoke  were 
in  the  bronchial  tubes,  preventing  the  free  ingress  of  air. 
At  times  he  coughed  like  an  aBthmatic.  Undoubtedly 
the  subject's  symptoms  were  due  tospaaniof  the  bronchial 
muscles.  A  moment  after  entering  the  cabin  tlie  subject 
began  to  perspire  but  the  tightnefis  in  the  chest  still  per- 
sisted. At  this  time  the  subject's  anger  was  aroused  by 
the  obstinacy  of  a  disagreeable  individual  who  would  not 
move  his  chair  a  couple  of  inches,  so  as  to  afford  room  for 
the  blood-presaures  to  be  taken  with  comfort  to  all  con- 
cerned. Words  were  exchanged  and  for  a  moment  it 
looked  as  though  the  members  of  the  party  might  have  to 
defend  themselves  against  the  disagreeable  individual  and 
his  friends.  Good  sense  and  sober  judgment  prevailed 
however  J  which  was  a  good  thing  for  the  instruments  and 
perhaps  for  a  certain  burly  bully.  The  blood-pressures 
which  were  ob8er\'ed  all  through  the  period  of  possible 
impending  stnigglej  i.e.,  from  8.16  to  8.20  were  155,  15^), 
150,  140,  140,  with  corresponding  pulse-rates  of  104,  100, 
104,  ICM),  100.  At  8.  BO  the  subject  felt  well  and  was  perspir- 
ing slightly.  The  blood-pressure  and  pulse-rate  were  180 
and  100  respectively.  At  this  peri<>d  the  subject  felt  a. 
slight  ache  and  sense  of  fulness  in  the  head.  There  were 
also  some  eructations.  The  }:>oat  was  rtxiking  slightly,  and 
the  room  was  filled  with  tobacco-smoke.  From  9J2  to 
9.22  the  blood-pressures  were  IBS,  180,  125,  115, 120,  120, 
115,  120,  115,  and  115,  with  corresponding  pulse-rates 
of  96,  96,  100,  100,  96,  96,  92,  92,  92,  and  96. 

At  0. 34  the  blcwd-pressure  and  pulse- rate  were  1 15  and 
96  respectively.  At  this  period  the  subject  had  a  slight 
headache,  and  his  face  was  flushed  and  hot.  Air  blew  into 
the  room  fresh  and  cool  from  an  open  door.  At  8.48  the 
boat  was  rolling  and  pitch mg  tcj  some  extent.  The  subject 
had  a  slight  occipital  be-adacheon  the  right  side,  extend- 
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ing  to  the  ear.  The  face  was  still  flushed  and  warm.  At 
9.5U  the  skin  was  inoiet  from  perBpiration,  and  the  eubject 
felt  a  little  siek  with  a  elight  '*liimp-sensation"  in  the 
stomach.  At  10. B7  atropin  sulphate,  gr  1/50,  was  given 
hypodermically.  At  10.55  the  face  was  flushed,  and  tlie 
head  felt  hea%y-  At  1 1  the  boat  was  still  roll  ing  somewhat. 
The  subject  experienced  fulness  in  the  head^  and  had  a 
tendency  to  sleep.  The  face  waa  still  flushed.  From 
11.08  to  11.15  the  blood-pressures  were  120,  125,  125, 
125,with  corresponding  pulse-rates  of  88,  92,  92,  92.  At 
this  period  the  boat  lay  at  anchor,  and  rolled  with  sick- 
ening eft'ert.  The  subject's  mouth  wag  dry  from  the  atro- 
pin. The  rolling  of  the  boat  caused  a  little  distress  in 
the  head.  At  11.40  the  st^miach  contents  were  removed. 
The  ch>Tne,  which  amounted  to  3iiS,  contained  much  mu- 
cus, a  few  old  blo(xl-Btained  scales  and,  toward  the  end, 
a  very  small  amount  of  gross  fat  with  a  little  fresh  blood. 
After  removal  of  it^s  contents  the  stomach  was  irrigatCHl. 
At  11.57  the  subject  was  given,  per  os^  extract  of  fundic 
and  intermediate  mucous  membrane  of  each  an  amount 
equivalent  to  ^  of  the  yield  of  4  stomachs.  At  12.05 
p,m.  there  was  a  slight  pain  in  the  right  epigastric 
region.  At  12,23  flatus  was  pas-sed,  and  there  was  pain 
in  the  region  of  the  left  iliac  fossa.  The  subject  felt  well 
except  for  those  pains  low  down  in  the  abdomen.  At 
12.82,  an  Ewald  test  meal  was  given.  The  usual  sour 
taste  which  so  often  follows  the  administration  of  atropin 
was  experienced  aa  the  subject  ate  his  test  meal.  At 
12.38  there  w^as  a  cool  pleasant  sensation  in  the  stomach. 
There  were  no  unpleasant  symptoms  of  any  kind,  but  the 
face  was  slightly  flushed.  At  12.48  there  were  intermit- 
tent sharp  coKckv  pains  in  the  lower  abdomen.  From 
12.52  to  12.55  the  blood-pressures  were  125,  180,  130, 
180,  with  corresponding  pulse-rates  of  76,  80,  80,  80. 
At  1.80  the  stomtit:h  contents  were  removed.  Owing  to 
persistent  gagging,  it  was  unusually  hard  to  introduce  the 
stomach -tulDe.  The  chynie,  which  amounted  to  fiii,  con- 
tained a  moderate  amount  of  mucus,  and  a  few  old  blood- 
stained scales,  but  no  free  blood.  At  1*50  the  blood- 
pressures  were  185,  1B5,  130,  IBS,  w^th  corresponding 
pulse-rates  of  68,  72,  72,  72.  At  2.05,  the  subject  felt 
well  and  enjoyed  a  hearty  dinner,  which  was  followed  by 
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ft  large  loose  evacuation  of  the  bowels.  Evidently  the 
fttrupin  and  i>erhapa  the  gastric  extracts  stimulated  gastro- 
intestinal motility,  for  the  other  subjects  were  somewhat 
similarly  affected,  esptK^ially  subject  "S,*' 

It  is  noteworthy  that  tlie  atropin  in  the  dose  given 
had  no  effect  in  reLuising  the  heart  from  vagus  control  in 
this  subject  as  in  the  others.  This  fact  has  been  repeat- 
edly observed  in  subject  **B"  in  whom  atmpin  in  fair 
dosage  generally  tends  to  slow  tlie  pulse-rate  if  anything* 

Analysis  of  specimen  taken  Nov.  20th  on  board  the  Angler  from 
subject  **B."  Ingested  at  6  a.m.  2  soft-boiled  egrgs  with 
4  oz,  of  butter;  2  cups  of  weak  tea,  with  milk  and  sufi^ar, 
and  6  oz.  of  bread  with  2  oz.  of  butter.  Withdrawn  at  11.40 
a.m.  Amount  of  chyme,  ?iij.  Macroscopically  there  was 
a  considerable  amount  of  mucus  with  a  few  old  blood-stained 
scales,  a  trace  of  free  fat  and  a  small  amount  of  fresh 
blood.     Re  sore  in  test  showed  the  absence  of  free  HCK 


Tot.  acidity,   44,  or  .160%  by 

wt 

Free  HCl,  . 

Comb'd  HCl.   26.  or  .095%  by 

wt 
Tot.  HCl,  26.  or  .095%  by  wt. 

Acid  salts,  . 

Lactic,  trace. 
Starch,  absent. 
AmylodextHn,  absent 
Erythrodextrin,  absent 
Achroodextrin,  absent 


Maltose,  trace. 

Albumin,  present 

Peptones,  present 

Peptonizing  enzymes  (pepsin), 
diminished  or  absent 

Peptonizing  zymogens  (pep- 
Binogen),  present 

CoafiTulatin^  enzymes  (chy mo- 
sin),  present 

Bile,  absent 

Mucus,  some  excess. 

Blood,  present 


Note,  The  old  blood-stained  scales  so  often  alluded  to  repre- 
sent epithelium  and  exudate  from  the  gastric  mucous  membrane. 
Evidently  subject  '*B"  suffered  from  a  mild  grade  of  chronic 
gastritis. 


Analysis  of  specimen  taken  Nov.  20, 1910,  on  board  the  Angler 
from  subject  **B.*'  Ingested  at  12.32  p.m.  an  Ewald  meal, 
Atropin  sulphate,  gr  1 50,  had  been  given  hypodermatically 
at  10.37  a.m.  and  gastric  extract,  fundi c  and  intermediate, 
of  each  an  amount  equivalent  to  |  of  the  yield  of  4  stomachs 
at  11.57  per  OS.  Withdrawn  at  1.30  p.m.  Amount  of  chyme, 
21  ii.  Macroscopically  there  was  a  moderate  amount  of 
liciucus  and  a  few  old  blood-stained  scales.  Resorcin  test 
showed  the  presence  of  free  HCl, 

Tot  acidity,   58,  or  .211%  by      Comb'd  HCl,   22,  or  .080%  by 

wt.  wt. 

Free  HCl,  36,  or  .131%  by  wt      Tot  HCl,  68,  or  .211%  by  wt 
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Acid  salts,  none. 
Lactic  acid,  absent 
Starch,  absent. 
Amyiodextrin,  absent 
Erythrodextrin,  present 
Maltose,  trace. 


Albumin,  absent 
Peptones,  present 
Enzymes,  normaL 
Bile,  absent 

Mucus,  moderate  amount 
Blood,  absent 


The  K  I  absorption  test  showed  the  presence  of  iodin  in  the 
saliva  in  12  minutes.  The  salol  test  reacted  positively  in  1 
hour  and  3  minutes. 

Note,  The  high  percentagre  of  free  HCl  shown  in  the  above 
analysis  is  unique  for  this  subject  tn  all  analyses  following^] 
Ewaid  test  meals  given  this  subject,  even  in  the  resting-  state 
upon  shore,  free  HCl  was  veiy  low  or  absent.  It  seems,  there-; 
fore,  justifiable  to  attribute,  in  part  at  least,  the  enhanced  pro- i 
duction  of  free  HCl  in  this  and  the  other  cases  of  this  day's 
tests  to  the  effects  of  the  gastric  extracts. 

On  November  24th  another  trip  lasting  about  eight 
hours  was  made  on  the  Angler.  The  Bame  subjects,  viz., 
*  *  B, ' '  *  *  C, "  and  "  S, ' '  were  used  as  in  the  preceding  teste. 
The  details  of  the  tests  made  on  subjeet  * '  B^ '  am  as  follows  ii 
At  5. 50  a.  m.  breakfast  was  taken,  cona isting  of  several  slicea' 
of  toast  representing  aljout  ^vi  of  bread,  with  ^ii  of  butter 
and  2  cups  of  tea,  to  which  were  added  milk  and  sugar. 
At  8.02  the  blood-pressure  was  185  and  tlie  pulse- mte  84. 
At  this  time  the  boat  was  still  at  the  pier,  but  was  rock- 
ing very  much  from  the  wash  of  passing  craft.  The  sub- 
ject had  arisen  early,  and  had  plenty  of  time  to  reach  the 
boat,  so  that  there  was  no  hurry  or  rush  as  on  the  previous 
day.  When  the  blood-pressure  above  recorded  was  taken, 
he  was  sitting  in  hie  shirt-sleeves  in  a  cool  atmosphere. 
At  8.15  the  boat  started.  The  weather  was  fair  and  cool, 
but  the  skies  were  overcast.  The  boat  rolled  and  pitched ' 
somewhat.  At  8,80  the  subject's  face  was  flushed  and 
hot,  and  there  was  a  sense  of  pressure  across  the  abdomen, 
about  the  level  of  the  uml)ilicu8-  The  cabin  was  filled 
with  tobacco-smoke,  the  air  being  an^^hing  but  fresh. 
At  8.40  the  blood -pressures  were  180,  180,  135,  185,  with] 
corresponding  pulse- rates  of  72,  70,  76,  76.  At  8.48  the 
subject  had  slight  headache  with  flushed  face.  At  8.69] 
there  was  still  some  slight  headache,  and  a  little  nausea. 
The  odour  of  t^jbacco-smoke  was  distinctly  unpleasant. 
The  gloom  of  the  day  seemed  to  atttich  itself  to  everjrthing. 
The  subject  felt  warm.     At  this  period  the  boat  was  roU- 
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ing  coiiBidel*ably,  and  the  Bound  of  the  engines  i^verherated 
through  the  h*3ad  in  a  distressing  manner.  At  9. 12  the 
blood-pressures  were  125,  125,  125,  IBO  with  correspond- 
ing pulse- rates  of  76,  76,  80,  80.  At  this  period  there 
was  dizziness  and  heaviness  in  the  head  with  some  head- 
ache, **lnmp-senBation*'  and  a  distinct  tendency  to  sick- 
nesB  of  the  8U.>maeh.  At  9.29  an  Ewald  test  meal  was 
given.  The  stomach  bad  not  h+^en  irrigated  before  this 
meah  The  boat  at  this  time  was  rolling  considerably, 
and  the  subje<?t  felt  some  heiidaehe  and  iMor  CErehri.  At 
9.34  the  boat  was  still  rolling  somewhat,  and  the  subject 
felt  **sick  in  the  head'*  with  pain  in  the  occipital  region, 
and  heaviness  alxmt  the  eyes.  The  sense  of  tension  in 
the  muscles  of  the  abdomen  persisted.  At  9.88  the  boat 
w^as  rolling  and  pitching  badly.  At  10. 14  the  subj wt  felt 
heavy,  and  there  was  a  burning  sensation  in  the  stomach 
accompanied  by  eructations.  At  10,80,  the  boat  was  still 
rolling  and  pitching.  The  subject  felt  hea\y,  and  slightly 
sick.  There  was  a  distinct  "lump-sensation"  in  the 
stomach.  At  10.29  the  gastric  contents  were  removed  and 
the  stomach  irrigated.  The  chyme  amounted  to  3V  and 
contained  much  mucus  tmd  a  few  old  blood-stained  scales. 
These  latter  were  mucli  less  than  after  previous  breakfafita 
in  which  eggs  had  been  taken. 

At  10.46  the  Ixmtlay  at  anchor,  but  it  rolled  constantly 
with  sickening  effect.  At  11.02  atropin  sulphate,  gr  1/50 
was  given  hyix^dermically.  At  this  time  the  subject  felt 
somewhat  distressed  from  the  constant  rolling.  At  11.12 
the  suVjject  received,  per  qh,  pyloric  extract  representing  % 
of  the  yield  of  four  stomachs.  The  bulk  of  the  extract 
was  f^iv.  At  11.30  the  bhx>d-pres8ures  were  125,  125, 
180,  180,  with  corresponding  pulse-rataa  of  76,  76,  72, 
72.  The  boat  was  still  rolling  and  the  subject  had  a  slight 
headache.  The  mouth  was  dry  from  the  atropin.  The 
odour  of  tobacco-smoke  seemed  somewhat  changed,  al- 
though not  as  unpleasant  as  usual.  The  stcmiach  mani- 
fested no  disagreeable  symptouis.  At  11,40  the  mouth 
was  very  dry  and  the  subject  felt  much  bettt'r  imd  stronger. 
At  1 1.58  an  Ewald  meal  was  gi%'en.  No  sour  taste  was  ex- 
perienced as  on  previous  occasions  aft/er  atropin.  At  11 .67 
stiychnin  sulphate,  gr  1/30,  was  given  hypodermically. 
The  subject  felt  well  in  every  way,  and  experienced  a  nice 
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csool  sensation  in  the  etomaeh.  He  noticed,  however,  that 
when  he  attempt^?d  to  walk  he  was  nimble  to  balance  very 
well,  although  the  tejg^ingalxmt  did  not  cause  much  dizzi- 
ness or  distre€«.  Similar  incoordination  following  the 
use  of  atropin  at  sea  was  frequent  1}^  obsen^ed  in  **B"  and 
other  gubjecta.  At  12.  lOthe  subject  still  felt  well  in  every 
way.  There  were  some  eructations.  The  knee-jerks  were 
somewhat  active.  From  12. 16  to  12.21  the  blood-pressures 
were  180,  125,  130, 125, 120,  115,  120,  with  corresponding 
pulse-rates  of  88,  88,  88,  92,  92,  88.  92.  The  boat  was 
still  rolling  very  much,  but  the  subject  felt  well  in  every 
way.  There  were  some  eructations,  however.  At  12,48 
the  boat  w*is  still  rolling  very  much  just  off  Sandy  Hook. 
The  subject's  nose  and  mouth  were  very  dry,  but  otherwise 
he  felt  quite  well.  At  12.53  the  stomach  contents  were 
removed.  The  amount  of  chyme  recovered  was  3ss.  It 
contained  nothing  abnomml  macroscopically.  At  1.10 
the  blood-pretjsurca  were  130,  180,  135,  130  with  corre- 
sponding pulse-rates  of  80,  84,  80,  80.  At  this  time  the 
lK>at  was  rolling  considerably.  The  air  was  chilly,  but 
the  subject  experienced  no  effect  ijeyond  dryness  of  the 
mouth  and  nose,  and  a  slight,  not  unpleasant  sense  of 
lightness  in  the  head. 

Analysis  of  specimen  taken  Nov.  24th  on  board  the  An{fler  from 
subject  "B."  Ingrested  at  9.29  a.m.  an  Ewald  test  meal. 
The  stomach  had  not  been  irrigated  and  the  subject  had 
taken  breakfast  at  5.50  a.m.,  consisting  of  toast,  equivalent 
to  5vi  of  bread  with  2  oz.  of  butter  and  two  cups  of  tea 
with  milk  and  sugar.  Removed  at  10.29.  Amount  of  chyme, 
?v.  Macroscopically  there  was  much  tenacious  mucus  and 
a  few  old  blood-stained  scales.  Resorcin  test  showed  the 
presence  of  free  HCl. 


Tot  acidity;   42,  or  .16S%  by 

wL 
Free  HCl,  24.  or  .087%  by  wt 
Comb'd  HCU   14,  or  .051%  by 

wt. 
Tot  HCl,  38,  or  .138%  by  wt. 
Acid  salts,  4,  or  .014%  by  wt 

Lactic  acid,  trace. 
Starch,  absent 


Amylodextrin,  absent 
Erythrodextrin,  trace. 
Achroodextrin,  present 
Maltose,  present 
Albumin,  trace. 
Peptones,  present 
Enzymes,  normal. 
Bile,  absent 

Mucus,  excessive  amount. 
Blood,  absent 


Note.  The  products  of  digestion  left  over  in  the  stomach 
from  the  breakfast  at  5.50,  were  undoubtedly  the  cause  of  the 
fair  gastric  secretion  represented  in  the  analysis  above.    In 
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similar  test  meals  tried  at  various  times  upon  the  subject,  on  a 
fasting  stomach  or  after  irrigration  the  testa  always  showed 
diminished  or  absent  free  HCL  Absorption  and  motility  tests 
not  made. 

Analysis  of  specimen  taken  Nov.  24th  on  board  the  Angler 
from  subject  "B,"  Ingested  at  11.53  a.m-  an  Ewald  meaL 
Atropin  sulphate,  gr  1  50,  had  been  given  hypodermic  ally  at 
1L02  a.m.  and  pyloric  extract  |  of  the  yield  of  4  stomachs, 
per  OB f  at  11.12.  At  11.57  strychnin  sulphate,  gr  130,  was 
g-iven  hypodermically.  Withdrawn  at  12.53  p.m.  Amount 
of  chyme.  Iss.  Nothing  abnormal  macroscopically,  Re- 
sorcin  test  showed  a  very  feeble  reaction  for  free  HCl 

Tot  acidity,   30,  or  .  109%  by      Acbroodextrin,  present 


Maltose,  present 

Albumin,  trace. 

Peptones,  absent 

Peptonizing  enzymes  (pepsin), 
absent 

Peptonizing  zymogens  (pep- 
sinogen) present 

Coagulating  enzymes,  normal. 

Bile,  absent 

Mucus,  moderate  amount 

Blood,  absent 


wt. 
Free  HCl.  10,  or  ,Q^%  by  wt 
Comb'd  HCU   10,  or  .036%  by 

wt 
Tot  HCl,  20,  or  .072%  by  wt. 
Acid  salts, . 

Lactic  acid,  absent. 
Starch,  absent 
Amylodextrin,  absent 
Erythrodextrin,  trace. 

The  K  I  absorption  test  showed  the  presence  of  iodin  in 
the  saliva  in  11  minutes.  The  salol  test  showed  a  positive  re- 
action in  1  hour  and  42  minutes. 

The  low  percentage  of  free  HCl  may,  perhaps,  have  been 
due  in  part,  to  fatigue  of  the  gastric  glands  following  the 
previous  meal.  Absorption  and  motility  were  evidently  favoured 
by  the  pyloric  extract  as  well  as  by  the  atropin  and  strych- 
nin. Owing  to  the  small  amount  of  chyme  the  quantitative 
analysis  involved  some  difficulty,  but  the  figures  given  are  fairly 
reliable*  especially  when  taken  in  conjunction  with  the  result 
of  the  resorcin  test 

The  details  of  the  tosts  mado  November  24th  on  gub- 
ject  "C^  wore  as  follows:  At  7  a, in,  the  t>ubject  took 
a  cup  of  sweetened  lemonade.  At  8  honmtropin  was 
iriBtilled  int*othti  right  eye.  At  8.05  on  lioiird  the  Angler^ 
which  was  Htill  beside  the  pier,  the  blood-pretsBures  were 
145,  140,  140,  with  corresponding  pulse-rates  of  lOQ,  104, 
104.  The  bcjat  waB  much  disturbed  by  the  wash  from 
parsing  craft.  At  8. 15  the  boat  started.  At  8.28  the  sub- 
ject drank  Jviii  of  watf?r.  At  8.B8  an  Ewald  metd  waa 
given,  but  with  only  3ii  of  water,  as  the  suhjeet  hfui  had 
fviii  of  water  at  8.28.  At  8.44  the  blood-pressures  were 
ISO,  180,  135,  140,  140,  with  corresponding  pulBe-rate^ 
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of  m,  96,  96,  96,  and  100,  The  Blight  rise  in  the  last  two 
pressures  may  have  been  due  to  a  scolding  given  the  sub- 
ject for  taking  water  without  permission  and  for  failing 
to  report  having  taken  it.  At  8.58  the  retinal  arteries 
were  moderately  constricted,  the  veins  being  somewhat 
lai^r.  At  this  time  the  subject  felt  a  heaviness  in  the 
head,  due  to  the  rolling  and  pitching  which  had  been  con- 
siderable. At  9,16  the  blood-pressures  were  146,  140, 
140,  with  corresponding  pulse-rates  of  100,  100,  90,  At 
9.S8  the  stomach  contents  were  removed.  The  chyme 
amounted  to  3iii,  and  was  of  a  dark  brown  (chocolate) 
colour,  with  about  half  an  ounce  of  gross  fat  floating  on 
the  surface.  This  was  the  result  of  chocolate-vanilla  ice- 
cream taken  at  10  p.m.,  on  the  preceding  evening.  At 
9.57  atropin  sulphate,  gr  1/50,  was  given  h3rpodermically. 
At  9.58  the  subject  was  feeling  badly,  and  had  a  frontal 
headache.  There  was  no  ''lump-sensation"  present.  At 
10  the  blood-prGsaiircs  were  140,  140,  140,  140,  with 
corresponding  piilse-rates  of  88,  88,  92,  92.  At  10. 15  the 
Bubject  received,  per  o^s,  extract  of  the  fiuidic  mucous 
membrane,  equivalent  to  J  of  the  yield  of  4  stomachs  and 
a  similar  amount  of  pyloric  extract.  The  bulk  of  the  ex- 
tract, in  a  watery  diluent,  was  fjv.  At  10.25  the  retinal 
arteries  were  somewhat  larger  than  they  had  been  in  the 
previous  observation. 

The  veins  were  relatively  somewhat  smaller,  but  were 
still  a  trifle  larger  than  the  arteries.  At  10.50  etrychnin 
sulphate,  gr  1/80,  was  given  hypodermically.  At  10.55  an 
Ewald  meal  was  given.  At  10.51  the  knee-jerks  were  ab- 
sent even  with  Jendrassik's  reinforcement.  At  11.05  the 
subject  felt ' '  bad  in  the  head, ' '  There  was  frontal  head- 
ache, as  if  a  tight  band  were  tied  alwut  the  head.  The 
stomach  felt  very  well.  There  was  no  "lump- sensation" 
and  no  eructations.  At  this  period  there  was  no  nystag- 
mus. At  11.88  the  blood-pressure  was  145,  and  the  pulse- 
rate  100.  The  knee-jerks  were  still  absent,  even  with 
reinforcement.  At  11.55  the  stomach  contents  were  re- 
moved. The  chyme  was  Jv  in  amount  and  was  of  a  yel- 
lowish colour.  There  was  no  evidence  of  gross  blood. 
At  12.10  p.m.  the  knee-jerks  were  still  absent,  even  with 
reinforcement.  At  12.28  the  blood- pressures  were  140, 
14dj  145,  145,  with  coireBponding  pulse-rates  of  84,  92, 
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92j  92.  Tho  1x>at  at  this  time  \vm  rolling  considerably. 
At  1.18  the  blood-pressures  were  140,  145,  145,  145j  with 
corresponding  piilee-rates  of  84,  84,  84,  88.  At  1.80 
there  was  a  sour  taste  in  the  mouth,  due  probably  to  the 
atropin.  About  thiatinie  it  was  snggeeted  that  the  party 
retire  to  the  dining-room,  but  the  subject  had  no  desire  for 
food.  At  2.15  he  ate  a  fairly  large  diimer,  consieting  of 
clam  chowder,  turkey  with  dresBing,  a  cup  of  coffee,  plum- 
pudding,  and  mince-pie.  This  dinner  was  tid^eu,  al- 
though the  subject  knew  from  previous  experience,  that 
it  would  sicken  him.  At  3.20  he  was  compelled  to  empty 
the  stomach,  which  he  did  in  his  accustomed  way  by  tick- 
ling the  pharynx  with  his  forefinger.  At  B.30  the  knee- 
jerks  were  not  only  present  without  reinforcement,  but 
were  Booiewhat  exaggerated.  From  3  it  waa  evident 
that  the  subject  waa  beginning  to  have  one  of  the  typical 
gastric  crises  of  tabetic  origin  of  which  he  was  a  victim. 


Analysis  of  specimen  taken  Nov.  24th  on  board  the  Angler  from 
subject  *'C."  Ingested  at  8.38  a.m.  an  Ewald  meal.  The 
subject  had  taken  one  cup  of  sweetened  lemonade  at  7 
am.  Withdrawn  at  9.38.  Amount  of  chyme,  fiii.  On 
macroscopic  examination  the  chyme  waa  foijnd  to  be  dark 
brown  in  colour  with  about  half  an  ounce  of  free  fat  floating' 
on  the  surface.  Resorcin  test  showed  the  presence  of  free 
HCl. 


Amylodextrin,  absent 
Erythrodextrin,  trace. 
Achroodextrin,  present- 
Mai  tose,  present 
Albumin,  absent 
Peptones,  present 
Enzymes,  normal. 
Bile,  absent 

Mucus,  moderate  amount 
Blood,  absent 


Tot  acidity,    68,  or  .248%  by 

wt 
Free  HC!,  44,  or  .160%  by  wt 
Comb'd  HCl,    14.  or  .051%  by 

wt 
Tot  HCl,  58,  or  .211%  by  wt 
Acid  salts,  10,  or  .036%  by  wt. 

Lactic  acid,  present 
Starch,  absent 

Note.  The  stomach  evidently  contained  normal  j?aatric  juic© 
at  the  beginning  of  the  meal,  and  the  products  of  digestion 
acted  as  gastric  secretogogues  since  the  percentage  of  free 
HCl  shown  in  the  analysis  ia  very  unusoal  for  this  subject  after 
similar  test  rneals.  The  marked  stasis  of  food  taken  on  the 
previous  evening  is  noteworthy  as  a  precursor  of  the  gastric 
crisis  which  was  evidently  hurried  on  by  the  atropin  and 
strychnin  and  perhaps  by  the  gastric  extracts  for  which  the 
subject  has  a  positive  dislike.  The  enhanced  secretion  of  free 
HCl  may  have  been  due  to  the  early  mild  irritation  of  the 
medullary  centres  incidental  to  the  approach  of  a  i^stric  crisis. 
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Analysis  of  specimen  taken  Nov.  24 th  on  board  the  AngUr  from 
subject  "C."  Ing'ested  at  10,55  a.ni.  an  Ewald  meaL 
Atropin  sulphate,  sx  1 50,  had  been  given  hypodermically 
at  9.57  and  strychnin  sulphate,  g^r  1,30,  at  10.50,  also  hypo- 
dermically. The  subject  also  had  received,  per  os,  at  10.15 
fundic  extract  equivalent  to  ^  of  the  yield  of  4  stomachs  and 
a  similar  amount  of  pyloric  extract  The  bulk  of  the  ex- 
tracts with  their  watery  diluent  was  ^v.  Withdrawn  at , 
IL55.  Amount  of  chyme,  5 vss.  On  macroscopic  examina- 
tion the  chyme  was  of  yellowish  colour  with  no  evidence  of 
blood.  Resorcin  test  showed  a  very  feeble  reaction  for 
free  HCl. 


Tot.  acidity.    26,  or  .095%  by 

wt. 
Free  HCl,  10,  or  .036%  by  wt. 
Comh'd  HCl,    12,  or  .044%  by 

wt. 
Tot  HCl,  22.  or  .080%  by  wt 
Acid  salts,  4,  or  .014%  by  wt 
Lactic  acid,  trace. 
Starch,  absent 
Amylodextrin,  trace. 
Erythrodextrin,  present 
Acbroodextrin,  present 


Maltose,  present 

Albumin,  trace. 

Peptones,  faint  trace. 

PeptonizinK  enzymes,  absent 

Peptonizinif  zymogens,  dimin- 
ished. 

CoagulatinK  enzymes,  absent 

Coagulatingr  zymogena,  pres- 
ent 

Bile,  absent 

Mucus,  moderate  amount 

Blood,  absent 


The  K  I  absorption  test  reacted  in  12  nHniites.     The 
salol  motility  test  reacted  in  1  hour  and  5  minutes. 

The  inefficiency  of  fundic  and  pyloric  extract  to  induc»j 
secretion  of  a  nonrial  gastric  juice  in  spite  of  the  fact  that 
absorption  and  motility  were  enhanced  is  noteworthy. 
The  absence  of  Byraptoraa  referable  to  the  pt(jmach  is  to 
be  attributed  to  the  atropin,  although  this  latter  drug  is-l 
quite  inefficient  in  combating  the  distress  referred  to  the 
stomach  in  gastric  crises.  The  absence  of  Bkipped  beats 
in  the  pulse  during  the  forenoon  and  their  reappearance 
on  the  approach  of  the  gastric  crisis  is  also  nottiworthy. 
Whether  the  present  test  made  <m  this  particular  subjeot 
is  a  fair  one  as  tti  the  eflleiency  of  the  conihinations  of 
pyloric  and  fund  ic  extract  is  an  open  quest  ion.  The  failure 
of  gastric  secretion  can  hardly  he  attriliuted  t^>  pronounced 
medullary  irritation  from  the  oncoming  gastric  crisiBy 
because  in  tliat  oaso  we  might  expect  marked  gastric  stasis 
and  failure  of  absorption  from  the  same  cause,  whereas 
the  gastric  motility  and  absorption  were  distinctly  en- 
hanced after  str3'ehnin  and  atropin,  etc.  The  failure  of 
normal  gaatric  secret ioa  might  possibly  be  attributed  to 
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fatigue  of  the  gastric  glands,  but  in  a  previous  test  where 
intermediate  extract  was  ueed^  no  such  fatigue  effects  were 
manifested.  The  fact  that  in  subject  '*B'*  the  gastric 
secretion  was  deficient,  throwa  no  light  on  the  subject, 
since  in  his  case  only  pyloric  extract  was  used. 

In  subject  "S"  tc>  whom  interniediatt?  extract  was 
given  the  gastric  juice  secreted  was  noiTual  or  enhanced 
for  this  subject.  It  remains  thnrefore  a  rpiestion  as  to 
whether  the  failure  of  gastric  secretion  in  the  case  of  '*B" 
and  '*C"  was  due  to  fatigue  or  other  cause,  or  to  the  in- 
efficiency of  fundic  and  pyloric  extracts  to  i?timulate  the 
gastric  glands  to  activity.  Ponding  further  investigation, 
the  latter  view  seems  the  more  probable. 

The  details  of  the  test^  made  November  24th  upon 
eubje<"t  **S'*  are  as  follows:  J9t  8, ID  a.m.  on  board  the 
Afigkr  which,  though  still  at  the  pier,  was  rocking  very 
much  in  the  wash  of  passing  craft,  the  blood-pressures 
were  130,  185,  180,  130,  with  corresponding  pulse-rates 
of  72,  68,  76,  68.  At  8.15  the  lx>at  startecl  and  at  8.20 
the  fasting  stomach  was  irrigated.  At  S.29  an  Ewald 
breakfast  wiis  given.  The  }>oat  at  this  pericvd  was  rolling 
and  pitch  ing  somewhat.  At  8. 48  the  blood-pressures  were 
125,  125,  l!25,  125,  125,  with  corresponding  pulse-rates  of 
76,  76,  76,  68,  64.  At  9. 20  the  blood-pressures  were  125, 
115,  115,  115,  with  corresponding  pulse-rates  of  68 J  64,68, 
68.  At  9.29  the  stomach  contents  were  removed.  The 
ch3nne  was  5iii  in  amount,  and  was  thin  in  consistency  and 
of  a  yellowish  colour.  At  {>.53  atropin  sulphate,  gr  1/50, 
was  given  hypodermically.  At  10  the  subject  felt  very 
wtdl.  At  10.05  the  blood-pressures  were  125,  125,  125, 
125,  with  corresponding  pulse-rates  of  56,  60,  60,  56.  The 
boat  was  still  rolling  a  gond  deal.  At  10.08  the  subject 
received, /?fT  oj<^  '*  intermediate  extract"  equivalent  to  J  of 
the  yield  of  4  st*>machs  and  a  similar  annaint  of  fundic 
extract .  Th e  extracts  av i  th  th e i  r  watery  d  i  luent  amounted 
to  f^v.  At  10.45  an  Ewald  meal  was  given,  and  at  10.57 
etrychnin  sulphate,  gr  1/30,  was  given  hj^podermically.  At 
11,06  tlie  subject  feit  a  band  sensation  around  the  head. 
At  11.17  there  was  slight  diuziness,  although  the  stomach 
felt  very  well.  There  was  no  nystiiginus  visible  to  the 
naked  eye.  At  11.40  the  blofKi-pressures  were  125,  120, 
120,  115  with  corresponding  pul^e-rates  of  80,  80,  84,  80. 
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The  increased  pulse-rate  was  evidently  the  effect  of  the 
atropin  on  the  cardiac  vagus  terminals.  At  11.45  the 
stomach  contents  were  removed.  The  chjrme  amounted  to 
§iiss  and  was  of  a  yellowish  colour  with  little  or  no  mu- 
cus. At  12. 10  the  knee-jerks  were  active,  but  resembled 
movements  of  voluntary  extension  rather  than  the  sharp 
response  of  the  normal  knee-jerk.  At  12.80  the  blood- 
pressurea  were  105,  110,  110,  with  corresponding  pulse- 
rates  of  64,  68,  68.  Evidently  the  effe^:'ts  of  the  atropin 
upon  the  cardiac  vagus  terminals  and  uixjn  the  vaso-motor 
mechanisms  had  worn  off.  At  1.20  the  blood-pressures 
were  105,  105,  llOj  105,  105  with  corresponding  pulse- 
rates  of  68,  60,  64,  60,  60.  At  1.24  the  subject  felt  very 
well.     At  1 .  30  there  was  no  great  desire  to  eat. 

Analysis  of  apecimen  taken  Nov.  24th  on  board  the  Angler  from 
subject  **S. "  Invested  at  8.29  a.m.  an  Ewald  breakfast 
The  fasting  stomach  had  been  irrigated  at  8.20  a.m.  Re- 
moved at  9.29.  Amount  of  chyme,  siiL  Macroscopically 
the  chyme  was  of  yellowish  colour^  thin  in  consistency  and 
contained  no  exceaa  of  mucus.  Reaorcin  test  showed  the 
presence  of  free  HCL 


Tot  acidity,   64.  or  .233%  by 

wt 
Free  HCl,  54,  or  ,197%  by  wt 
Comb'd  HCI,    4,  or  .014%  by 

wt 
Tot  HClp  58.  or  .211%  by  wt 
Acid  salts»   6.  or  021%  by  wt 

Lactic  acidp  absent 
Starch,  absent 


Amylodextrin,  trace. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Albumin,  absent 
Peptones,  present 
Enzymes,  normal. 
Bile,  absent 
Mucus,  no  excess. 
Blood,  absent 


Absorption  and  motility  testa  not  made. 

Note.  The  free  HCI  content  may  here  be  fairly  attributed  to 
the  activity  of  the  well-rested  gastric  glands. 


Analysis  of  specimen  taken  Nov.  24th  on  board  the  Angler  from 
subject  '*S. "  Ingested  at  10.45  a.m.  an  Ewald  meal.  At 
9.63  the  subject  received  hypodermically  atropin  sulphate, 
gp  1  50.  At  10.08  he  received^  per  os,  fundic  and  interme- 
diate gastric  extract  of  each  an  amount  equivalent  to  |  of 
the  yield  of  4  stomachs.  At  10.57  strychnin  sulphate,  gr 
1.30,  was  given  hypodermically.  Removed  at  11.45.  Amount 
of  chyme  I'naa,  Macroscopically  the  chyme  was  yellowish 
in  colour  and  contained  nothing  abnorm»l"  Resorcin  test 
phowed  the  presence  of  free  HCJ. 
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Tot  acidity,    56.  or  ,204%  by 

wt 
Free  HCl,  40,  or  .146%  by  wt 
Comb'd  HCl,    14,  or  .051%  by 

wt. 
Tot  HCl,  54,  or  .197%  by  wt 
Add  salts,  2,  or  ,007%  by  wt 

Lactic  acid,  absent 
Starch,  absent 


Amylodextrio,  trace. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose^  present 
Albumin,  absent 
Peptones,  present 
Enzymes,  normal. 
Bile^  absent 
Mucus,  no  excess. 
Blood*  absent 


Tbe  K  I  absorption  test  reacted  in  18  minutes.  The  salol 
test  reacted  in  1  hour  and  20  minutea.  The  fairly  normal  gas- 
tric juice  of  the  above  analysis  may  fairly  be  attributed  irn 
part,  at  least,  to  the  effects  of  the  gastric  extracts,  as  the 
percentage  of  free  HCl  is  higher  than  that  obtained  in  simi- 
lar test  meals  in  the  resting  condition  on  shore.  It  was  again 
observed  that  In  subjects  "B*'  and  ''S**  the  bowels  moved 
rather  freely,  on  the  same  afternoon  in  the  case  of  *'S,"  and 
on  the  next  morning  in  the  case  of  "B. "  The  latter  subject 
has  a  tendency  to  constipation.  Subject  "C's**  bowels  did  not 
move  that  evening  or  the  next  day,  but  he  received  morphin 
sulphate,  gr  ss.,  hypoderm i call y  about  5  p.m,  as  he  had  deveU 
oped  one  of  his  usual  attacks  of  true  gastric  crises. 


On  January  8th  the  effect  of  hypnotic  suggestion  was 
studied  in  subject  **F.  ^'  At  7  a.m.  the  subjeet  drank 
I'lY  of  water.  At  8.07,  on  board  the  Angler y  the  ear 
drums  were  normalj  there  being  no  blood-vessels  visible. 
At  8.15  the  blood-pressures  were  125,  125,  and  125  with 
corresponding  pulse-rates  of  92,  92,  and  88.  At  8.20  the 
boat  started.  On  ophthalnioscopic  examination  under 
homatrrtpin,  the  retinal  arteries  were  moderately  dilated 
the  veins  being  somewhat  larger.  The  fundus  jerked  to- 
ward the  left  about  every  three  seconds,  at  times  executing 
this  movement  toward  the  left  in  one  sharp  movement,  and 
at  other  times  in  a  series  of  small  j  erks.  Later^  the  nystag- 
mic movements  of  the  fundus  toward  the  left  (of  the 
pati ent )  were  almost  constant.  During  these  observations 
the  subject  sat  erect,  the  coronal  plane  of  his  body  being 
parallel  to  the  long  axis  of  the  boat,  and  his  right  side 
directed  toward  the  bow.  At  this  time  the  Ixiat  was 
rolling  moderately. 

At  8.51  the  blood-pressures  were  ISO,  186,  136,  and  the 
corresponding  pulst^-rates  80,  84,  and  84.  At  9.09  an 
Ewald  meal  was  given.  At  9. 12  the  blood-pressures  were 
135  and  186,  the  pulse-rates  being  76  and  76.     At  this 
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time  there  waa  eligbt  horizontal  nystagmus  of  the  fundus 
t(3ward  the  puhject's  left.  The  retimil  arteries  were  slightly 
constricted.  Both  arteries  and  veins  seemed  smaller  than 
at  the  previous  examination.  At  times  it  was  difficult  to 
see  the  fundus  properly.  The  boat  continued  tu  roll  some- 
what. 

At  0.25  no  vessels  were  visible  in  the  ear  drums.  The 
gubject  felt  well  in  every  way.  At  9.42  the  blood-prese- 
ureB  were  135,  IBO,  135,  the  puise-rat€*8  being  80,  84  and 
80.  At  10.09  the  retinal  arti.^rioB  were  somewhat  con- 
i^rictedj  the  veins  appearing  large,  dark  and  full.  Occa- 
sionally there  were  nystiigmic  jerks  of  the  fundus  toward 
the  subject's  left.  At  10.12  the  stomach  contents  were 
removed,  and  the  stomach  irrigated.  The  amount  of 
chyme  recovered  was  Jiv.  For  the  purpose  of  removing 
the  stomach  contents^  the  ^^ubject  was  hypnotized,  as  hia 
pharynx  could  nottolemte  the  stomach -tube.  On  previous 
occasions  this  subject,  even  under  hypnosis  and  with  ap- 
propriate suggestions,  could  not  tolerate  the  stomach-tube. 
On  this  occasion,  however,  it  was  suggested  U)  him,  both 
before  and  during  hypnosis,  that  the  operation  would  cause 
no  discomfort  and  little  difficulty  was  experienced  in  evac- 
uating and  irrigating  the  stomach.  When  the  stomach 
irrigation  had. been  completed,  the  subject  was  allowed  to 
remain  in  hypnosis,  and  at  10.30  an  Ewald  meal  was  given 
w^ith  the  suggestion  that  it  was  cake  and  champagne. 
During  the  meal,  and  at  frequent  intervals  afterward,  it 
was  suggested  thafc  the  motions  of  the  boat  would  not  cause 
seasickness  or  the  usual  disagreeable  phenomena.  At 
10.51  the  boat  was  rolling  considertibly,  and  there  w^as 
marked  nystagmus  of  the  fundus  to  the  left.  To  the  naked 
eye  at  this  time  there  was  nystagmus  to  the  left,  wlien  the 
subject  turned  his  eyes  to  the  left,  and  to  the  right  when 
he  turned  his  (?yos  to  the  right.  In  an  observation  made 
on  a  subsequent  occasion  on  shore,  it  was  found  that  when 
the  subject  turned  his  eyes  to  the  left  the  latter  jerked 
slightly  with  the  watch,  whilst  with  the  eyes  turned  to  the 
right  the  eyes  jerked  to  the  right  and  with  the  watch. 
At  11.03  the  retinal  arteries  wore  moderately  dilated,  the 
veins  being  full  and  dark.  There  wa«  slight  nystagmus 
of  the  fundus  to  the  subject's  left,  but  at  times  the  oscilla- 
tiona  were  simply  back  and  forth  mov^ioentfi  of  about 
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equal  rate  and  range.  At  this  time  the  hont  waa  rolling 
so  much  thiit  sul>joct  *'B*'  felt  mther  dizzy  and  heavy  in 
the  head.  At  1L22  the  retinal  artjories  were  constricted, 
the  veins  Ijeing  dark  and  fnll.  There  waslforizuntal  nys- 
tagmus of  the  fiinduR  to  the  left.  Tiie  boat,  lying  at  an- 
i^hor,  was  rolling  with  sickening  effect.  At  11.35  the 
stomach  was  evaciuited  and  iiTigated.  The  amount  of 
chyme  recovered  was  3iv86.  At  1.05  p.m.  the  retinal 
arteries  were  constricted.  The  retina  h Hiked  piile,  and 
there  was  nystiigmus  of  the  fundus  to  the  sultjwt^a 
left  At  this  time  the  subject  felt  very  dizzy.  In  fact  he 
was  dizzier  and  eickerunderhypnosia  than  in  the  ordinary 
waking  state.  After  irrigation  of  his  stjunach  he  slept 
considerably  and  could  not  be  kept  from  lying  down.  At 
1.01>  the  liliMtd-pri»ssuT(*8  were  12f5,  125>  the  pulse- rates  be- 
ing 68  and  68.  The  boat  still  continued  t^>  rock,  and  the 
subject  felt  dizzy  and  heavy.  At  1.25  there  was  expL^ri- 
enced  heavinesa  in  tho  left  side  of  the  headj  and  the  sub- 
ject felt  hungry,  sleepy,  and  tired.  No  vessels  were  visi- 
ble in  the  membrana  tympaui.  At  2  the  sulijectj  on 
being  taken  out  of  hypnosis,  complained  of  hunger,  but 
on  being  taken  to  the  dining-room,  a  surprisingly  small 
amount  of  food  soon  satisfied  his  appetite. 

During  hypnosis,  on  attempting  to  walk,  the  subject 
almost  fell  down  the  companion-way.  It  seemed  that  his 
powers  of  equilibration  had  become  considerably  disor- 
dered. 


Analysis  of  specimen  taken  from  subject  "F,**  Jan.  8th,  on  board 
the  Angler.  Ingested  at  9.09  a.ni.  an  Ewald  breakfast 
Removed  at  10.12.  Amount  of  chyme,  ^ivss.  Macroscopi' 
cally  the  chyme  waa  normal  in  appearance.  Reaction  (lit- 
mys)  acid.    Resorcin  test  showed  the  presence  of  free  HCl. 


Tot.  addit>\   94,  or  .343%  by 

wt. 
Free  HCb  80,  or. 292%  by  wt 
Comb'd  HCb    12,  or  .043%  by 

wt 
Tot  HCb  92,  or  .335%  by  wt 
Add  aalta,  2,  or  ,007%  by  wt 

Lactic  acid,  trace. 
Starch,  absent. 


Amylodextrin,  present. 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Albumin,  absent 
Peptones,  present 
Enzymes,  normal. 
Biie,  absent 

Mucus,  moderate  amount 
Blood,  absent. 


Absorption  and  motility  tests  not  made. 
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Analysis  of  specimen  taken  from  subject  "F/*  Jan.  8th,  on 
board  the  Angter.  Invested  at  10.30  a*m.  an  Ewald  meaL 
Removed  at  11.35.  Amoont  of  chyme,  sivas.  Macroacopi- 
cally  the  chyme  was  normal  in  appearance.  During  ^e 
period  that  the  meal  was  retained,  the  subject  was  in  wak- 
ing hypnosis  and  under  the  augg^estion  that  the  movements 
of  the  boat  would  not  cause  seasickness  or  the  usual  diges- 
tive disturbances-  Reaction  (litmus),  acid.  Resorcin  test 
showed  the  presence  of  free  HCl. 


Tot.  acidity,    66,  or  .240%  by 

wL 
Free  HCl,  48.  or  ,175%  by  wt, 
Comb'd  HCl,    16,  or  .05S%  by 

wL 
Tot  HCl.  64,  or  .233%  by  wt. 
Acid  salts,  2,  or  .007%  by  wt. 

Lactic  acid,  absent 
Starch,  absent 


Amylodextrin,  present 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present 
Albumin,   faint  trace. 
Peptones,  present 
Enzymes,  normal. 
Bile,  absent 

Mucus,  moderate  amount 
Blood,  absent 


The  K  I  absorption  test  reacted  in   12  minutes.    The  aalol 
motility  test  did  not  react  within  the  hour. 


The  details  of  the  tests  made  on  subject  **S"  aboard 
the  A?ighr^  January  8th,  were  as  follows:  At  6  a.m.  the 
subject  had  breakfastj  consisting  of  bread  and  butter,  with 
milk  and  coffee,  "half  and  half,''  sweetened  with  sugar. 
At  8.08  a.m.  the  ear  drums  were  normal,  no  blood-vessels 
being  visible.  The  blood-presfiureB  were  180  and  180,  the 
pulse-ratea  being  76  and  76.  At  8.20  the  boat  started. 
At  9  the  stomach-tubo  was  introduced,  but  nothing  was 
recovered.  At  9.88  an  EwaJd  meal  was  given.  At  10,38 
the  stomach  contents  were  removed,  and  the  Btomach  irri- 
gated. The  amount  of  chyme  recovered  was  jiii-  During 
the  period  that  the  raeal  was  retained,  the  boat  rolled 
moderately.  At  10.48  the  blood-pressures  were  180,  130, 
the  pulse-rates  being  68  and  72,  At  this  time  the  boat 
was  rolling  considerably,  but  the  naked  eye  could  discover 
no  trace  of  nystagmus.  At  10.55  the  boat  was  still  rolling 
badly,  and  when  the  subject  turned  his  eyes  to  the  right 
or  left,  a  trace  of  horizontal  nystagmus  was  visible.  At 
11.07  the  blood-pressures  were  125,  125,  the  pulee-rate 
being  68  and  72.  At  this  time  the  lx>at  was  rolling  and 
pitching  considerably.  At  11.08  the  subject  was  given, 
per  08 J  pyloric  extract  equivalent  to  the  yield  of  H  etom- 
achs.     This  extract  had  been  made  on  January  5da.     At 
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11.52  the  blood-i>res9iires  were  125,  125,  125,  tbo  pulee- 
rates  being  64,  64  and  64.  At  this  time  the  boat  was 
lying  at  anchor,  but  rolling  considerably.  At  1L57  an 
Ewald  meal  was  given.  At  12.08  p.m.  the  boat,  still  at 
anchor,  wiia  rolling  badly.  The  blood-pressures  were  120, 
115,  125,  leo,  the  piilse-rates  being  (M,  04,  08  and  04. 
About  this  time  the  Buhject  complained  of  cramps  in  the 
stomach,  caused  probably  by  the  pyloric  extract.  At 
12.57  the  Btomach  contents  wore  removed  and  the  stom- 
ach i  rri gated .  The  amount  of  chyme  recovered  was  3  i  i  ies. 
At  1.28j  the  blood-preBSU res  were  120,  115,  the  pulse- rates 
being  08  and  68.  The  patient  was  but  little  affected  by 
the  motions  of  the  boat  during  the  trip,  and  felt  fairly 
well.  At  1.25,  on  Iwiking  to  the  right  or  left,  a  trace  of 
horizontal  njstagnnis  was  visible.  There  was  no  vertigo 
or  sense  of  dizziness 

Analysis  of  specimen  taken  from  subject  *'S» "  Jan.  8th,  on  board 
the  Angler,  Ingested  at  9.38  am.  an Ewald meaL  Removed 
at  10.38.  Amount  of  chyme,  3111.  Macroacopically  the 
chyme  was  normal  in  appearance.  Reaction  (litmus),  acid. 
Resorcin  teat  showed  the  presence  of  free  HCl. 


Tot  acidity,   56.  or  .204%  by 

wL 
Free  HCl,    34,  or.  124%  by  wt 
Corab'd  HCl,    16,  or  ,058%  by 

wt 
Tot  HCl.,  50.  or.l82%by  wt 
Acid  salts,  6.  or  .021%  by  wt 

Lactic  acid,  absent 
Starch,  absent 


Amylodextrin,  absent 
Erythrodextrin,  present 
Achraodextrin,  present 
Maltose,  present 
Albumin,   faint  trace. 
Pep  tone  Sj  present 
Enzymes,  normal. 
Bile,  absent 

Mucus,  moderate  amount 
Blood,  absent 


Absorption  and  motility  tests  not  made. 


Analysis  of  specimen  taken  from  subject  *'S, "  Jan.  8th,  on  board 
the  Angler.  Ing^eated  at  1L57  a.m.  an  Ewald  meal  Re- 
moved at  12. 57  p.  m.  Amount  of  chyme,  siiiss.  Macroscopi- 
cally  the  chyme  was  normal  in  appearance.  At  11.08  the 
subject  had  received,  per  os,  pyloric  extract  equivalent  to 
the  yield  of  li  stomachs.  Reaction  (litmus),  acid.  Resor- 
cin test  showed  the  presence  of  free  HCi. 


Tot  acidity.   66.  or  .240%  by 

wt 
Free  HCl,  50,  or  .182%  by  wt 
Comb'd  HCl,    14,  or  -0617o  by 

wt 


Tot  HCl,  64,  or  .232%  by  wt 
Acid  salts,  2,  or  ,007%  by  wt 

Lactic  acid,  absent 
Starch,  absent 
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Amylodextrin.  present 
Erythrodextrin,  present 
Achroodextrin,  present 
Maltose,  present, 
Albymin,    faint  trace. 


Peptones,  present 
Enzymes,  normal. 
Bile,  present 
Mucus,  moderate  amount 
Blood,  absent 


Absorption  and  motility  teat  not  made. 

The  details  of  the  tasts  nmde  on  subject  *'B*'  aboai 
the  Aitgler^  January  8th ^  were  as  follows:  At  4,45  a.m,, 
the  subject  drank  Jviii  of  water.  At  (115  he  had  break- 
fast, congiBting  of  bread  5viii,  butter  ^iv,  and  tea  ^xiv 
with  milk  and  sugar.  At  8  J 1  the  blood-pressures  were 
135,  IBS,  the  pidse-ratea  being  100  and  104.  At  8.20  the 
boat  started.  At  this  time  the  boat  was  rolling  consider- 
ably, 8o  that  the  subject  felt  a  little  dizziness  and  heavi- 
nesa  in  the  htjad.  At  9,22  the  subject  com i>lained  of  ful- 
ness and  lightness  in  the  head  and  of  a  band  sensation 
about  the  lower  portion  of  the  thorax  (hypochondriac 
region).  At  9. BO  the  gastric  cont^jnts  were  removed, 
and  the  st/ornach  irrigated.  The  amount  of  chyme  re- 
covered was  3viii.  It  contained  much  thick  mucus,  a 
few  old  blood-gtained  scales,  and  much  fat.  There  was  a 
distinct  odour  of  lactic  acid.  At  9.58  an  Ewald  meal  was 
given.  At  10.88  the  blood-pressurps  were  125,  125,  the 
pulse-rates  being  84  and  84.  At  10.40  pyloric  extract, 
equivalent  to  the  yield  of  1|  stomachs,  was  given  jjo<«r  os. 
At  10.42  the  boat  was  rolling  and  pitching  considerably. 
The  subject  felt  heavy  in  the  heiid,  and  his  ftice  was 
flushed  and  hot,  though  the  rest  of  his  lx)dy  was  CfX)L  At 
10.49  the  boat  was  still  rolling,  and  pitching  badly.  The 
Bubjectj  who  was  sitting  upright  with  his  coronal  plane 
parallel  t(3  the  long  axis  of  the  boat,  exhibit-edno  signs  of 
nystagmus.  At  10.58  the  blood-pressures  were  115,  115, 
the  pulse-rat«9  being  84  and  84.  At  11.05  the  boat  was 
still  rolling  and  pitching-  The  subject  complained  of 
heaviness  in  the  head.  The  face  was  flushed  and  hot, 
whilst  the  stomach  felt  well.  At  1 1 .  12  the  blo^jd-pressurea 
were  125,  125,  the  pulse-rat/es  being  88  and  84.  The  head 
still  felt  a  little  heavy,  but  the  stomach  felt  welL  At 
11.15  an  Ewald  meal  was  given.  At  this  time  the  boat, 
lying  at  anchor,  rolled  considembly  and  with  sickening 
effect.     At  11.80  the  blood-pressures  were  140,  145,  145, 


the  pulae-rates  being  84,  84  and  84.  At  this  time  the 
boat  lay  very  still  at  anchor,  and  the  subject  felt  very 
well.  At  1L47  the  boatj,  still  at  anchor,  rolled  coasider- 
ably.  The  subject  felt  a  sensation  of  warmth  in  the  stom- 
ach. There  were  some  eructations.  At  11.67  the  blood- 
preaeures  were  130,  130,  the  pulse-rates  l>eing  80  and  80. 
At  12,11  p.ra,  the  boat  was  rocking  considerably^  and 
the  subject's  head  felt  heavy.  At  12.14  the  boat  was 
steady.  At  12. 15  the  gastric  contents  were  removed ^  and 
the  stomach  irrigated.  The  amount  of  chyme  recovered 
was  Jiii-  It  contained  much  mucus.  At  12.41  the  sub- 
ject complained  of  pains  in  the  lower  abdomen.  At  12.50 
the  blood -pressures  were  115,  115,  the  pulse-rates  being 
80  and  80,  At  this  time  the  l>oat  was  still  at  anchor  and 
rolling  considerably.  At  1,18  the  blood-pressures  were 
120,  115,  the  pulse- rates  being  80  and  80.  The  boat  was 
rolling  slightly  at  this  time,  and  the  subject  had  a  burn- 
ing sensation  referred  to  the  epigastrium,  and  a  slight 
ache  in  the  top  of  the  head,  with  a  sense  of  fulness  in  the 
latter.  At  L25  on  turning  the  eyes  to  the  left^  there  was 
slight  horizontal  nystagmus  to  the  left.  On  looking  to 
the  right  there  was  no  visible  nystagmus. 


Analysis  of  specimen  taken  from  subject  "B,"  Jan.  8th,  on  board 
the  Angler,  Ingested  at  6,15  a.m.  breakfast  consfatrng"  of 
bread  ^vin,  butter  siv,  tea  jxiv,  with  milk  and  sugar. 
Removed  at  9.30.  Amount  of  chyme,  jviii  The  chyme 
contained  much  thick  mucus,  a  few  old  blood-stained  scales, 
and  a  quantity  of  fat  There  was  a  distinct  odour  of  lactic 
acid  Reaction  (litmus),  acid.  Resorcin  test  showed  a  fee- 
ble reaction  for  free  HCl, 


Tot  acidity,    38,  or  ,138%  by 

wt. 
Free  HCl.  18,  or  .065%  by  wt 
Comh'd  HCl,    18,  or  .065%  by 

wt 
Tot  HCl.  36,  or  .130%  by  wt 
Acid  salts,  2,  or  .007%  by  wt 
Lactic  acid,  present 
Starch,  absent 
Amylodextrin,  absent 
Erythrodextrin,  absent 


Maltose,  trace. 

Albumin,  trace. 

Peptones,  present 

Peptonizing  enzymes,  dimin- 
ished. 

Peptonizing'  zymogens,  nor- 
mal 

Co  ablating-  enzymes,  normaL 

Bile,  absent 

Mucus,  in  excesa 

Blood,  trace. 


Absorption  and  motility  tests  not  made. 


Analysis  of  specimen  taken  from  subject  "B,"  Jan,  8th,  aboard 
the  Angler,  Ingested  at  11.15  am.  an  Ewald  meal.  Re* 
moved  at  12.15.  Amount  of  chyme,  liiL  The  chyme  con- 
tained a  considerable  amount  of  thick  mucus  and  a  few 
blood-stained  flakes.  At  9.58  an  Ewald  meal  had  been 
taken  and  retained  permanently.  At  10.40  pyloric  extract, 
equivalent  to  the  yield  of  li  stomachs,  had  been  taken  per  os. 
Reaction  (litmus) »  acid  Eesorcin  test  showed  the  presence 
of  free  HCl. 


Tot  acidity,   44,  or  .160%  by 

wt 
Free  HCl,  22,  or  .080%  by  wt 
Comb'd  HCl,    20,  or  .073%  by 

wt 
Tot  HCl,  42.  or  .153%  by  wt 
Acid  salts,  2,  or  .007%  by  wt 

Lactic  acid,  absent 
Starch,  absent 


Amylodextrin,  present 
Erythrodextrin,  present 
Achroodextrin.  present 
Maltose,   present 
Albumin,  trace. 
Peptones,  present 
Enzymes,  normal- 
Bile,  absent 
Mucua,  in  excess. 
Blood,  trace. 


Absorption  and  motility  tests  not  made. 

The  urine  after  the  tests  had  a  specific  grravity  of  1018  and| 
did  not  react  for  albumin,  sugar,  glycuronic  acid  or  phosphates. 


CHAPTER  XXIX 

GENERAL    CONCLUSIONS   FROM    STUDIES    IN  SEA- 
SICKNESS.   PROTOCOLS 


The  general  conclusions  from  the  foregoing  observa- 
tions are  aa  follows: 

1,  The  effects  of  seasickness  npon  the  organism  as  a 
whole,  and  upon  the'  mechanisms  of  the  circulation  and 
digestion  are  quite  amdogous  to  those  of  the  sickness 
caused  by  rotation,  aural  irrigations,  and  by  galvanism 
applied  over  the  mastoid  areaa. 

2.  Disturbances  of  the  circulation  are  not  the  primary 
cause  of  seaaickneas  since  the  chief  subjective  phenomena 
of  the  malady  are  found  present,  simultaneously  with 
both  efficient  and  impaired  states  of  the  circulatory 
mechanisms.  Disturbed  circulation,  however,  especially 
vaso-motor  exhaustion,  is  frequently  associated  with  sea- 
sickness and  is  an  important  feature  of  the  malady. 

8.  Digestive  disturbancesj  similarly,  are  not  the  pri- 
mary cause  of  seasickness,  though  they  are  constant  accom- 
paniments and  frequently  the  most  salient  and  distress- 
ing features  of  the  condition.  The  firm  and  persi stent? 
closure  of  the  pylorus  and  the  lowered  acidity,  as  seen  in 
the  analyses  of  the  gastric  contents,  are  identical  with  the 
phenomena  observed  in  rotations  and  aural  irrigations. 
In  extreme  conditions,  such  as  those  encoimt*3red  on  the 
Lady  Wolsehy  and  on  the  Quatre  Frlres,  there  was  com- 
plete absence  of  acids  and  digestive  enzymes.  Prolonged 
exposure  to  conditions  that  cause  seasickness  are  undoubt- 
edly injurious  to  the  digestive  organs,  and  more  especially 
to  the  st<3maoh  which  may  become  seriously  impaired  in 
its  functions  and  even  the  seat  of  organic  disease.  Thus 
subject  *'B"  undoubtedly  developed  during  the  various 
joumeyings  a  mild  grade  of  chronic  gastritis.    The  irregu- 
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lar  mode  of  lifo  and  the  alcohol  taken  by  him  during  the 
period  extending  from  July  l(>th  to  July  STth,  were  prob- 
ably factors  in  the  cau&ation  of  his  gastritis,  but  the  con- 
tinually repeatt)d  perturbations  of  the  nervous  mechanisme 
controlling  the  general  circulation  as  well  aa  gastric  secre- 
tion and  motility  were  the  chief  cause. 

4.  Disordered  states  of  the  circulatoiy  and  digestive 
mechanisms  when  once  initiated  become  powerful  eecond- 
aiy  sources  of  irritation.  TIiub  injudicious  muscular  ex- 
ertion, the  retention  of  stagnant  gastric  contents  or  the 
introduction  of  improper  food  into  the  rebellious  and 
highly  irritable  st(jniach  tend  greatly  to  over-irritation  and 
exhaustion  of  the  gastric  vagal,  vaeo-conetrictor  and  othi«r 
centres, 

5.  The  ventilation  and  temperature  of  the  cabin  are 
also  important  secondary  factors  in  seasickmeBS,  the  cool, 
well -ventilated  room  tending  greatly  to  restore  the  individ- 
ual, whilst  a  hot  stuffy  cabin  may  cause  disturbances  of 
the  circulatory  and  digestive  mechanisms  as  distressing 
almost  as  those  which  occur  in  seasickness  though  caused 
primarily  in  another  way. 

6.  Cold  bathing  and  the  employment  of  methods  or 
drugs  calculated  to  enhance  directly  vaso-motor  efficiency 
by  stimulation  of  the  nervous  centres  are  contraindicated 

.  where  the  circulatory  depression  is  due  to  exhaustion 
from  over-irritation.  Muscular  exertion  in  these  condi- 
tions is  therefore  injurious.  At  a  later  stage,  when  there 
is  evidence  of  rest^iration  of  function  on  the  part  of  the 
nervous  centres,  and  when  there  is  reason  to  believe  the 
stage  of  exhaustion  is  past,  mild  exercise,  massage  and 
hydrotherapy  are  of  imdoubted  benefit.  The  last  of  these 
measures,  however,  has  to  be  resorted  to  with  the  greatest 
caution  and  only  aft-er  special  study  of  the  peculiaritiea 
of  the  individuaPe  circu]atx:)ry  mechanisms.  For  even 
more  imperative  reasons  drugs  and  procedures  that  tend 
to  depress  or  over-stimulate  the  vaso-motor  mechanisms, 
or  indeed  any  of  the  medullary  centres,  are  contraindi- 
cated. Drugs  that  depress  the  psychic  and  higher  centres, 
such  as  bromid^^s  and  alcohol,  are  on  the  whole  of  ques- 
tionable benefit  and  alcohol  in  excessive  quantities  is 
distinctly  harmful  to  the  circulation.  The  effects  of  mor- 
phiUj   cocain,    hyosciuj    and  nitroglycerin    in    rotation 
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BicknesB  were  such  as  to  offer  little  hope  of  usefiilnoss  in 
eeaflicknese.  They  were,  therefore,  excluded  from  the  list 
of  possible  safe  and  beneficial  raeaanres. 

7.  Psychic  depreasionj  and  disagreeable  sights  and 
odonrs  are  also  important  secondary  causes  of  distress. 
Hence  smishinoand  clear  weather  with  pleasant  surromid- 
ings  and  agreeable  companionehip  are  of  benefit, 

8.  Since  exhaustion  of  the  nervous  centres  is  charac- 
teristic of  seasickness  at  its  height,  mental  effort,  especial- 
ly when  coupled  with  the  use  of  the  eyes  as  in  reading, 
may  be  particularly  harmful.  Quite  frequently  during 
the  progress  of  recovery  from  an  acute  spell  of  seasickness 
subject  *'B"  has  retarded  his  recovery  by  thinking  too 
intently  over  his  future  plana  or  by  emotional  reading 
or  by  indulging  in  a  train  of  emotiorml  thought, 

9.  Recovery  from  seasickness  means  the  adaptation  of 
the  individual's  organism  to  the  rhythm  and  extent  of  the 
movements  of  that  particular  boat  upon  which  he  has  been 
travelling.  Hence  a  traveller  may  have  recovered  from 
seaflickness  upon  an  ocean  liner  and  later  fall  a  victim  to 
the  motions  of  a  Channel  steamer.  Even  marked  aggra- 
vation of  the  movements  of  the  boat  upon  which  an  indi- 
vidual has  recovered  may  cause  a  return  of  all  the  phe- 
nomena of  seasickneas.  This  frequently  occurs  imder 
varying  conditions  of  weather. 

Frequently  individuals  who  were  for  the  greater  part 
of  their  lives  victims  of  seasickness  lose  their  suscepti- 
bility. On  the  other  hand  persons  who  have  been  im- 
mune may,  at  some  time  or  other,  develop  a  susceptibility 
for  the  malady.  This  is  one  of  the  mysteries  which 
sailors  and  otliers  hurl  at  the  medical  man  who  presumes 
t-o  know  anj^hing  about  seasickness.  However,  bilateral 
degeneration  of  the  eighth  nerve  which  so  frequently  oc- 
curs in  advancing  years  and  earlier  in  certain  families, 
accounts  for  the  first  class  of  cases.  If  the  degeneration 
progresses  irregularly  bo  that  the  nerve  on  one  side  alone 
ie  afrected  or  is  affected  to  a  great^er  or  less  extent  than 
the  nen^e  on  the  other  side,  we  have  a  condition  of  rela- 
tive heightened  irritability  of  the  vestibular  ner\^e  endings 
in  one  labyrinth  whichj  as  we  have  seen  under  aural  irriga- 
tions, is  the  great  cause  of  disturbance  of  the  vestibulo- 
cereljellar  mechanisms  involved  in  equilibration.     Actual 
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cases  of  this  kind  have  been  Btudied^  but  the  details  will 
\m  related  in  another  chapter. 

10.  Atropin,  more  especially  in  combination  with 
strychnin,  ia  oEfectivo  in  combating  the  subjective  sjniip- 
tx^ms  of  seasicknesB,  especially  the  nausea  and  the  gastric 
and  cerebral  diecorafortj  but  it  has  no  direct  effect  in  pro- 
moting gastric  secretion  and  digestion,  and  does  not  pre- 
vent the  incoordination  or  disturbances  of  equilibrium  in- 
cidental to  seasicknesB  although  it  tends  to  eliminate  the 
associated  sense  of  vertigo, 

11.  Although  the  tests  made  on  January  8th  afford,  in 
themaelvos,  no  aatisfactory  basis  for  conclusions  at?  to  the 
effect  of  hypnotic  suggestion  in  seasickness,  the  results 
obtained,  esiaecially  when  taken  into  consideration  with 
the  results  obtained  from  hypnotic  suggestion  in  aural 
irrigations  and  rotations,  indicate  that  hypnotic  sugges- 
tion is  not  a  very  efficient  means  of  offsetting  or  prevent* 
ing  the  effects  of  seasickness  even  during  actual  hyiinosis, 
not  to  mention  the  rapidly  waning  influence  of  post- 
hypnotic suggestion.  It  is  to  be  regretted  that  further 
opportunity  has  not  so  far  presented  itself  for  the  study 
of  this  important  phase  of  the  subject. 

12.  The  fact  that  extracts  made  from  the  various  por- 
tions of  the  gastric  mucous  membrane  were  a()out  equally 
efficient  (in  some  instiuices  tlie  "intermediate  extract'* 
appearing  to  be  the  most  efficient  of  the  three)  in  stimu- 
lating the  flow  of  normal  gastric  juice  secerns  to  indicate 
that  the  effects  of  the  extracts  were  due  to  the  contained 
substances  with  secretogogue  action  rather  than  to  gastric 
secretin  developed  by  decoction.  This  fact  was  more  ap- 
parent in  subsequent  testa  made  on  shore  and  rejxjrted  else- 
where. In  these  teste  it  was  found  that  ordinary  broth 
was  as  efficient,  and  at  times  more  so  than  decoctions  of 
pyloric  or  fundic  mucous  membrane.  Following  the  ad- 
ministration of  these  extracts  no  appreciable  alterations 
in  blood-pressure  or  pulse-rate  were  observed  which  could 
be  safely  attributed  to  the  extracts.  It  seems  reasonable, 
thereforej  to  conclude  that  gastric  secretin  is  inert  when 
administered  jfj^r  os  (possibly,  because  of  changes  induced 
as  the  decoction  reaches  the  stomach)  and  that  the  effect 
of  decoctions  of  the  gastric  mucous  momlirane  given  per 
OS  in  promoting  the  flow  of  normal  gastric  juice  is  due  to 
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other  substances  (secretogogues)  contained  in  the  decoc- 
tions. In  the  matter  of  enhancing  the  flow  of  gastric 
juicej  therefore,  decoctions  of  gastric  mucous  membrane 
have,  when  administered  per  os  no  advantage  over  ordi- 
^m  nary  meat-extracts,  such  as  beef  tea,  soup,  etc.  Decoc- 
^H  tions  of  gastric  mucous  membrane  seem  however  to  aid 
^m  absorption  and  to  promote,  to  some  extent,  gastric  and  in- 
^m   testinal  motility. 

L 

Pro 


STUDIES  IN   SEASICKNESS 


Protocol  1.— ObaervationB  m^ide  on  subject  "B"  aboard  tlio 
Bteamship  **  TauruB  "  Dec.  2?»  1908«  Temperature  of  air 
60^  R 


TteM^ 

pulse-  Blood- 

ItamArkf. 

a.m. 

rate. 

press. 

8:^ 

% 

120 

On  boat  before  starting. 

»6 

120 

"             *•            " 

8:37 

92 

115 

After   start    Slight   roll.      Weather  calm. 

92 

120 

8:45 

80 

110 

Slight  headache. 

9i30 

76 

105 

" 

10:00 

68 

105 

Pulse  slightly  irregular. 

10:30 

68 

95 

Headache.     Face  flushed. 

11:05 

68 

106 

Conjunctivae  slightly  cong-eated. 

72 

100 

12:90 

68 

110 

At  anchor. 

64 

110 

i« 

64 

110 

li 

Protocol  2, 

-On" 

B  "  aboard  steamer  ''Angler,*'  April  4, 1900. 

8:05 

88 

105 

On  boat  after  slight  injury  of  hand. 

8:10 

84 

110 

Feela  well  in  fresh,  cool  air. 

8:11 

80 

115 

Boat  started. 

88 

125 

80 

125 

8:20 

80 

120 

Conjunctivae  slightly  congested. 

8:22 

80 

120 

Feels  well.     Draught  on  right  shoulder. 

8:26 

84 

125 

Dizzy;  slight  tump-sensation;  fulness  in 
head. 

8:28 

80 

125 

Well  again,  but  some  fulness  in  head  still. 

8:29 

80 

120 

14                                   <  •                                  «  1                                        t4                            •« 

8:32 

88 

125 

Feels  well,  but  has  fulness  in  head  ap4  is 

slightly  dizzy. 

^^^^^» 

■ 

■ 

SEASICKNESS                           ^M 

^^^H             Tlnie. 

PolM. 

BhMMl. 

^^^                              ^1 

^^^^^H 

rate 

pnm. 

^^^H 

^^H 

75 

155 

Taking  deep  breathe.    Conficioos  of  heard 
action  after  slight  exertion*  viz. :  BtandioM 
on  seat.                                                    ^H 

^^^^^H 

76 

120 

^^H 

^^H 

72 

120 

Frontal  headache.  Fulness  in  head.  <3R 
junctivae  congested- 

^^H 

80 

120 

Face  paie.    Sli^t  nausea ;  stomach  distress. 

^^H 

76 

125 

Draught  on  shoulder.  Feels  as  if  about  to 
sneeze. 

^^H 

76 

120 

Dizzy  and  mentally  depressed. 

^^H 

72 

120 

**                   t*               •* 

^^H 

80 

125 

Feels  well.  Sight  of  water  rushing  by  dis- 
tresses. 

^^H 

72 

120 

Cold  on  one  side  because  of  draughts. 

^^H 

76 

120 

Face  pale.    Conjunctivae  congested*     Pupila 

norma]. 
Face    pale.      Cheeks    warm.      Feels  welU 

^^H 

72 

120 

^^^^H 

Eructations. 

^^H 

76 

125 

Artery  contracted.     Feels  depressed. 

^^H 

72 

126 

Lump-sensation.  Fulness  in  head.  Eructa* 
tiona. 

^^H 

76 

120 

Nauseated.     Sense  of  fulness  in  ears.     Boat 

steady. 

^^H 

76 

125 

Conscious  of  respiratory  movements. 

^^H           9 

72 

125 

Sense  of  tension  in  scalp  over  occiput. 
** Lump-sensation'*  in  stomach. 

^^H 

76 

125 

Abnormal   sensation  (fulness)  in   left   ear. 

^^H 

76 

125 

Head   heavy   and  full.     **Ltimp/*     Dizzy. 

Unin  teres  ted. 

^^H 

76 

125 

Taking  deep  breaths.  Nauseated  Not  so 
depressed  now. 

^^H 

76 

125 

*'Liimp.*'  Sense  of  weight  in  frontal  rerion. 
Conscious  of  stomach  contractions. 

^^H 

72 

25 

Eructations.     "Lump."  Nausea. 

^^H 

76 

125 

Moving  head  from  side  to  side  aggravates 
nausea. 

^^H 

72 

125 

Dizzy  as  boat  lurched. 

^^H           9:25 

80 

120 

"Lump,'*    Dizzy.    Arteries  contracted. 

^^H 

72 

125 

Sick  feeling  in  head.  Deep  breaths.  Noiaa 
of  water  distresses. 

^^H 

68 

125 

Fulness  about  ears  as  if  head  was  in  the 
grip  of  something. 

^^H 

68 

125 

"Lump."  Eructations.  Boat  rolling.  Sa- 
liva increased. 

^^H 

68 

120 

Conjunctivae  congested.  Face  not  so  pale- 
now.     Yawning. 

^^H           9 

68 

120 

Boat  rolling  and  pitching.  Dizzy.  Arteries 
contracted.  Deep  breaths.  Yawning. 
Eructations. 

^^H 

68 

120 

Tobacco-smoke   inoffensive   to  smell.     Sub^ 

P 

Ject  hm  been  out  on  bow. 

■ 

■ 

^SEASICKNESS^^^^^^^^^B 

Tim*. 

Pulie-  Blood. 

ReQi&rkB.                                                     ^^^^| 

0.IIU 

rate. 

PMM. 

10:02 

6S 

120 

Photophobia.    Sneezed.     Muscular  tremors.        ^^M 
Dizzy,    Difficulty  in    balancing.    Mental        ^^H 
effort  causes  distress  in  head.                              ^^M 

10:03 

68 

120 

Arteries  contracted  moderately,                              ^^f 

10:11 

68 

130 

Feels  weJl.    Slight  "lump.''    Arteries  con*         ^^M 
tr  acted                                                                   ^H 

10:13 

68 

135 

Arteries  much  contracted.                                      ^H 

10:16 

68 

126 

Feels  well.                                                                  ^H 

10:17 

72 

125 

Arteries    contracted.       Conjunctivae    con-         ^H 
giested.    Pupils  normal.                                       ^H 

10:20 

64 

125 

Sense  of  weight  in  head.     Boat  rolling  and         ^H 
pitching.                                                               ^H 

10:22 

64 

130 

Arteries  contracted.    Deep  breaths.    Fron-        ^^1 

tal  headache.                                                           ^^M 

10:24 

72 

125 

Lightness  in  head.    Feels  well.                              ^^M 

10:37 

64 

126 

Boat  stopped.     Feels  well.    Air  cold.                    ^^H 

10:38 

68 

136 

Tobacco-smoke    not   disagreeable    but  not         ^^M 
pleasant                                                                 ^^1 

10:42 

64 

125 

At  anchor.    Fulness  in  head.                                   ^^1 

10:10 

64 

125 

SHght  eructations.     Deep  breaths.                         ^H 

11 :  16 

64 

125 

12:00 

68 

115 

Feels  well.    Hands  cold.    Face  flushed  and         ^H 
warm.                                                                   ^H 

12:04 

68 

125 

Feels  well.                                                                 ^M 

1:40 

72 

120 

Ate  an  orange.    Feels  refreshed.    Boat  roll-         ^^H 

1:43 

68 

125 

ing.                                                                              ^^^H 

Fulness  in  head.    Arteries  moderately  con-        ^^1 
tracted.                                                                ^^1 

1:46 

68 

125 

Strolled  on  deck.                                                      ^^H 

2:^ 

68 

120 

Feels  well.    Pupils  and  conjunetivse  normal.         ^^1 

2:26 

68 

126 

Artery  moderately  large.    Stomach  and  head         ^H 
feel  well.                                                                ^H 

•2:27 

68 

125 

Feels  well  in  every  way.                                         ^H 

2:28 

64 

126 

Weighed  anchor.     Boat  rolling  some.                     ^^1 

2:30 

68 

125 

Fulness  and  lightness  in  head     Feels  fairly        ^^| 

2:47 

68 

125 

Before  starting  homeward  feels  well.                    ^^H 

2:49 

68 

125 

Not  yet  started-     Artery  normal.                           ^H 

2:62 

72 

125 

Boat  rolling.     Fulness  in  head                              ^^M 

2:58 

68 

125 

Artery   contracted  somewhat     Feels  well.         ^^M 

3:01 

64 

125 

3:03 

68 

125 

3:04 

64 

120 

Boat  started  homeward.     Eructation.                    ^^M 

3:06 

64 

120 

Headache.     Face  flushed.     Feels  well.                   ^H 

3:06 

64 

120 

Fulness  in  head.     Face  hot                                     ^^1 

3:09 

64 

120 

Sense  of  weight  in  head     Feels  well.                    ^^1 

3:12 

68 

120 

Sight  of  passing  water  distresses.                           ^^H 

3:30 

68 

■ 

125 

Odour  of  tobacco-smoke  slightly  disagree-        ^^H 
able.                                                                ^H 

mm 
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■ 
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^M            Protocol  3 

.-On 

''B"  aboard  eteamer  •'Angler,"  ICay  30,      J 

^M 

1600.                                                      1 

^M                  Time. 

rate.    pmi. 

Benurka.                                         ^^M 

■               7:46 

80 

120 

On  boat  FeBting.                                          ^^B 

^^H 

76 

120 

^^^^H 

^H 

76 

120 

"                                                         ^^^1 

^H 

76 

120 

^^^H 

^H 

72 

115 

^^^^H 

^V 

76 

120 

^^^^H 

1 

76 

120 

^^^^H 

76 

115 

^^^^B 

76 

120 

^^^H 

76 

120 

^^^^H 

76 

l?!ft 

^^^^H 

76 

125 

^^^^H 

76 

120 

^^^1 

76 

125 

1 

8:14 

. 

Boat  starts.    Weather  fine.     Boat  steady.      1 

8:15 

72 

120 

1 

72 

130 

1 

80 

125 

■ 

76 

115 

m 

72 

120 

^^m 

72 

120 

^^H 

8:21 

Ewald  breakfast                                           ^H 

8:22 

76 

iso 

^^^1 

76 

125 

^^H 

80 

120 

^^H 

76 

120 

^^^1 

8:45 

76 

120 

"Lump-sensation."    Saliva  increased.        ^H 

72 

120 

Fulnesa  in  head    Eructations.                     ^^M 

76 

120 

^^H 

72 

120 

^^H 

72 

120 

^^H 

72 

115 

^^^M 

72 

115 

^^H 

d:08 

76 

110 

Dizzy.    Fulness  in  head     Saliva  increased. 

72 

110 

72 

110 

72 

105 

9:14 

72 

110 

Frontal   headache.      "Lump-sensation**    in 
stomach. 

72 

110 

72 

110 

72 

106 

9:19 

76 

110 

General  headache.     Fulness  in  top  of  head. 

72 

105 

68 

115 

76 

115 

^ 

76 

110 

Ache  over  eyes.    Pain  in  eyeballs.              ^J 
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Time. 

Pulse-  Blood- 

Rmimrkt. 

a.m. 

rate. 

press. 

76 

115 

"Lump-sensation." 

72 

115 

9:32 

76 

115 

Boat  rollins:  soine.    Headache.    Eructations. 

72 

115 

9:35 

76 

115 

Eractations.    Disinclined  for  work. 

72 

110 

68 

110 

68 

110 

9:53 

68 

115 

Frontal  headache. 

9:55 

72 

110 

Dizzy.    Lump-sensation. 

76 

115 

72 

115 

68 

115 

9:59 

72 

110 

Feels  as  if  about  to  sneeze.    General  head- 
ache. 

72 

115 

Disinclined  for  work.  Would  like  to  lie  down. 

10:14 

Boat  at  anchor. 

10:24 

64 

ii5 

Stomach  contents  withdrawn. 

76 

120 

76 

120 

80 

120 

10:32 

76 

120 

Headache. 

76 

120 

76 

120 

10:36 

76 

120 

Boat  rollincr  at  anchor. 

76 

120 

76 

120 

72 

115 

72 

110 

72 

110 

72 

110 

68 

110 

10:47 

72 

110 

Diffuse  headache.    Looks  worried. 

68 

105 

Boat  still  at  anchor  and  rolling. 

76 

105 

72 

110 

68 

110 

76 

115 

10:54 

72 

110 

Lunch  of  beef  sandwiches  and  oranges. 

72 

110 

11:21 

80 

110 

Boat  starts.    Much  rolling. 

72 

110 

Dizzy.    Fulness  in  head. 
Headache. 

72 

110 

76 

110 

76 

110 

72 

115 

72 

110 

72 

105 

76 

115 

72 

115 

426 
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Time. 

Pulae-  Blood- 

m,ta. 

rate, 

pr«M, 

68 

115 

72 

115 

11:35 

76 

115 

12:00 

72 

115 

72 

110 

72 

110 

72 

lOB 

80 

115 

76 

115 

76 

115 

76 

115 

80 

110 

76 

110 

- 

76 

115 

76 

115 

76 

110 

I>.m. 

76 

115 

12:22 

76 

115 

76 

120 

76 

115 

72 

110 

76 

115 

76 

120 

80 

120 

76 

120 

76 

125 

12:31 

76 

120 

84 

125 

80 

125 

80 

120 

80 

120 

80 

120 

12:38 

80 

120 

12:39 

76 

120 

80 

120 

76 

116 

80 

115 

80 

115 

76 

110 

76 

110 

12:46 

76 

115 

12:69 

80 

110 

76 

110 

76 

110 

80 

110 

80 

110 

80 

106 

80 

116 

Bcfs&fkB. 


Boat  at  anchor.    Walked  deck  from  11 

to  12:00. 
Boat  roItin£r  at  anchor. 
Headache.    ArterieB  contracted. 


Annoyed  by  mtermeddler. 


Boat  starts.    Headache.    Boat  rollin^r  much. 
Sight  of  moving  water  distresses  the  eyes. 

Dizzy.    Headache. 

Pain  in  back  of  the  neck  on  right  side. 


Arteries  contracted. 

Pain  in  left  of  epigastrium. 

Headache, 

Pain  in  eyeballs. 

Boat  rolling  and  pitching  badly. 


Boat  at  anchor  again. 
Rolling  at  anchor. 
Pain  in  epigastrium. 
Sense  of  constriction  about  lower  part  of 
chest 


Dizzy.    Headache. 
After  walking  about 
"Lump-sensation. " 
Headache  occipital  and  frontal. 
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Time, 
p.m. 

Pulae-  Blood, 
rate,    press. 

Bemarkt. 

76 

110 

80 

95 

1:10 

80 

100 

Arteries  dilated. 

80 

100 

76 

106 

76 

105 

80 

105 

Fulness  in  head.    Nausea. 

80 

105 

80 

95 

Arteries  dilated. 

80 

90 

80 

90 

80 

90 

Pain  in  epifirastrium. 

80 
80 
80 

90 

100 

90 

Sense  of  band  about  lower  part  of  chest 

1:22 

80 

90 

80 

95 

80 
80 
80 

105 

105 

95 

Biparietal  headache.    Feels  very  tired. 

80 

95 

76 

85 

1:31 

80 

95 

80 

95 

76 

95 

76 

95 

Headache.    Dizzy. 

76 

105 

76 

100 

Rollinsr  much. 

76 

110 

Arteries  contracted. 

76 

110 

76 

110 

72 

110 

Headache.    Dizzy. 

1:44 

76 

115 

Annoyed  by  intermeddler. 

80 

110 

Angrry  and  irritable.    Muscles  trembling  all 
over. 

76 

115 

80 

100 

80 

95 

80 

95 

Severe  headache. 

76 

100 

Eructations.    Stomach  feels  well. 

80 

100 

1:53 

80 

95 

Headache. 

80 

95 

80 

100 

80 

100 

80 

90 

Taking  deep  breaths. 

80 

100 

Frontal  headache. 

2:00 

84 

90 

Headache.     Eructation. 

76 

90 

Stomach  feels  well 

80 

95 

^^^      428 

^^^^^1 

^^H                    Ttme, 

!>ulM-  Blood- 

RecDArkt.                             H^^^^^^^l 

^H 

rmte. 

prCM. 

■                2:05 

80 

95 

Boat  starts.                                          ^^^H 

80 

100 

H               2:07 

80 

100 

Boat  stops.                                                 ^^M 

84 

100 

Feels  weak.    Perspiring  freely.                ^^M 

^^H 

84 

95 

Enictation.     Arteries  dilated.                     ^^H 

^H 

84 

95 

Tired  and  weak.                                                     ■ 

^H 

84 

% 

Would  like  to  rest  head  on  somethinfir-             ■ 

■                2:27 

76 

100 

Walked  about  fronn  2 :  14  to  2 :  27,                ^M 

^H 

76 

100 

Felt  weak  and  tremuJous  in  muscles.         ^^M 

^^B 

72 

no 

General  wretchedness.                                   ^H 

^H 

72 

no 

Boat  steady  and  still  at  anchor.                  ^H 

^^B 

76 

no 

^H 

80 

no 

■                 2:35 

84 

115 

Boat  started  for  home.                               ^^M 

^H 

76 

106 

^H 

80 

95 

^^1 

80 

100 

^H 

80 

100 

^H 

76 

90 

^^B 

80 

100 

Headache,                                                    ^^M 

^^ 

80 

90 

Taking  deep  breatha.                                  ^^H 

76 

90 

* 

80 

95 

80 

100 

80 

100 

80 

100 

80 

100 

2:55 

76 

100 

Headache.                                                  ^^M 

76 

100 

Odour  of  tobacco-smoke  offensive.            ^^1 

80 

100 

3:00 

80 

100 

76 

100 

Boat  moving  atnoothly.                              ^^M 

80 

105 

Fresh  cool  breeze.    Headache.                  ^^M 

72 

lOO 

76 

100 

72 

100 

76 

100 

76 

106 

76 

105 

3:15 

80 

100 

Cool  breeze  on  occiput                             ^^M 

76 

100 

80 

95 

Headache  persists.                                    ^H 

SO 

95 

80 

95 

80 

90 

76 

no 

80 

no 

Arteries  contracted                              ^^^H 

80 

no 

Feels  better  and  brighter.                      ^^^H 

3:28 

76 

no 

Boat  groing  smoothly.                                ^^H 

L 

76 

■ 

no 

Headache  almost  gone.                             ^^H 

^ 

■ 

■ 

^SEASICKNES^^^^^^^^^^^^B 

Ttme, 

Pal«-  Blood- 

Beiaarkfl.                                                     ^^M 

t».ta. 

rAte. 

pr&a. 

84 

105 

80 

100 

Headache  bad  a^ain.                                                 ^H 

80 

100 

80 

100 

Pafn  through  eyeballs.                                              ^H 

76 

100 

3:30 

80 

110 

72 

110 

Headache.                                                                  ^^M 

72 

no 

Not  so  tired  now.                                                      ^H 

84 

no 

76 

105 

Occipital  headache,                                                   ^H 

3:36 

80 

100 

3:44 

68 

no 

After  walking  in  the  open  air.                                ^H 

76 

100 

80 

no 

Tbrobbifig  frontal  headache.                                  ^^M 

76 

lOO 

72 

no 

76 

no 

72 

100 

3:60 

76 

95 

Coronal  headache.                                                  ^^M 

76 

no 

76 

no 

3:B5 

76 

105 

Pain  in  back  of  neek,  right  side.                            ^H 

76 

105 

76 

100 

Arteries  contracted.     Face  pale.                             ^^M 

80 

100 

Deep  breaths.                                                             ^^1 

76 

105 

Fain  in  occiput  and  ri^rht  side  of  neck.                   ^^H 

4:00 

76 

105 

Feelins  wretched                                                       ^^M 

4:01 

■80 

no 

Right  hemicrania,  especially  over  ri^ht,  ra-        ^H 
perior  curved  line  of  occipital  bone.                   ^^H 

j 

76 

105 

76 

105 

4:05 

80 

105 

Taking  deep  breaths.                                                 ^^H 

76 

105 

Dull  ache  in  eyeballs,                                                 ^^M 

76 

100 

Looking  at  thiDgs  causes  occipital  ache.                 ^H 

76 

100 

76 

95 

4:10 

80 

100 

Pain  all  over  scalp,  but  worse  on  right  side.         ^^M 

72 

105 

80 

100 

Sweating.     Eructations.                                           ^^M 

76 

100 

Would  tike  to  lie  down.                                             ^H 

80 

100 

Would  like  to  let  eyelids  droop.                         _^^H 

4:1& 

80 

100 

Closing  eyes  causes  distress.                              ^^^H 

76 

100 

76 

100 

76 

100 

80 

100 

Lump-sensation  in  stomach.                                    ^^M 

72 

105 

Eructations.                                                                  ^^1 

76 

100 

Headache  in  right  parietal  region.                         ^H 

4:21 

76 

100 

4:26 

76 

■ 

no 

After  walking  about                                                 ^^M 

480 


SEASICKNESS 


Time, 

PuJae-  Blood- 

P.uLi 

rate. 

preiA. 

72 

110 

4:28 

72 

110 

76 

110 

4:30 

76 

100 

72 

105 

4:32 

76 

105 

76 

105 

76 

105 

76 

110 

4:35 

76 

105 

76 

116 

76 

105 

4:38 

76 

110 

76 

100 

76 

100 

76 

100 

80 

100 

4:42 

72 

115 

80 

110 

4:44 

80 

100 

80 

100 

80 

110 

4:46 

76 

110 

4:4? 

t  * 

... 

6:96 


R«mftrkt. 

Headache  acroas  top  of  head. 

Lump-sensation. 
Deep  breaths. 
Occipital  headache. 
Sweating.     FeeJs  weak* 
Lump-sensation  marked. 

Coronal  headache. 


Headache  not  bo  bad. 

Subject  brighter  and  more  cheerful. 

Lump^setisation  persists. 

Taking   deep   breaths.     Sinking   feeling   in 

stomach. 
Arteries  contracted. 

Arteries  dilated. 

Lump-sensation.    Feels  sick. 

Occipital  headache  in  region  of  hat  banc 

Just  before  landing.  Some  congestion 
around  the  periphery  of  drum  membranes 
and  along  the  handle  of  the  malleus. 

Occipital  headache  persists,  i.e.,  nearly  two 
hours  after  landing. 


Protocol  4,— On  "B^  aboard  the  motor  launcli    "Maggie/ 
M&y  31,  1909.    Trip  lasting  1  hour. 


5:25 


96 

105 

96 

105 

96 

100 

72 

130 

80  125 

84  120 

76  120 

80  120 

84  120 


Standing  after  hard  day's  work. 
Feet  heavy  and  tired. 


Lying  supine.     Face  flushed. 

ately  dilated.     Room  dark. 
Lying  supine.     Face  flushed. 

ately  dilated     Room  dark. 
Lying  supine.     Face  flushed. 

ately  dilated.     Room  dark. 
Lying  supine.     Face  flushed. 

ately  dilated.     Room  dark. 
Lying  supine.     Face  flushed. 

ately  dilated.  Room  dark. 
Lying  supine.     Face  flushed, 

ately  dilated     Room  dark. 


Pupils  moder- 


■ 

SEASICKNESS                            481         ^M 

^H                Pulso.  Blood- 
^^m                zmte.    preaa. 

Renmrk«.                                                     ^^H 

H 

120 

Lying  supine.  Face  flushed  Pupils  moder-  ^^H 
ately  dilated.     Room  dark.                                     ^^H 

^1            108 

105 

Standing:.  Pupils  Dormai  but  illumn'n  better.            ^^H 

^1              88 

105 

^^^^1 

^1 

105 

^^^^H 

H              96 

105 

Boarded  launch  and  started                                       ^^M 

^1              88 

105 

Fresh  cool  breeze.     Vibration  in  feet    Feels           ^^M 

^1 

100 

^M              M 

105 

^^_        84 

110 

Arteries  small    Feels  well.    Water  smooth.            ^^| 

^^B 

110 

^^^^H 

^^v    ^ 

110 

Feels  fresh  and  cool  in  breeze.                                   ^^M 

^              88 

95 

Taking  deep  breaths.                                                   ^^H 

■              32 

95 

Slight  feeling^  of  distress  in  head.                             ^^M 

■ 

95 

Perspiring  along  spine.                                                ^^H 

^K              88 

95 

Lump-sensation.     Feels  a  little  aick.                      ^^H 

^m         88 

95 

^^^^H 

■              88 

96 

^^^H 

■              88 

90 

^^^H 

^m         88 

115 

After  turning  north.     Boat  pitching  much.              ^^M 

^K^       88 

100 

Lump-sensation.     Taking  deep  breaths,                   ^^1 

^^H 

95 

Head  feels  well.                                                             ^H 

^^H       88 

105 

Arteries  contracted.     Head  feels  cool.                     ^^H 

^^^       88 

105 

Slight  lymp-sensation.     Feels  well,                          ^^H 

^m         88 

110 

Arteries  contracted                                                     ^^1 

H         ^ 

100 

Lump-sensation.                                                             ^^1 

^1               84 

95 

Slight  distress  in  head                                                ^^1 

^1               80 

100 

Lump-sensation.     Eructations.                                   ^^M 

^1              ^ 

95 

Arteries  small.                                                             ^H 

^H              ^ 

95 

^B              80 

95 

^1              80 

95 

Cool  breeze.  Feela  well  but  has  lump-sen-  ^^M 
sation.                                                                       ^^M 

^1              88 

95 

Vibration  does  not  annoy  now.                                   ^^H 

^m          m 

90 

Arteries  much  contracted.                                          ^^H 

■ 

95 

Taking  deep  breaths.                                                    ^^H 

■               80 

95 

Feet  tired,  heavy  and  aching.                                     ^^H 

■               ^ 

95 

Lump-sensation.                                                          ^^M 

■              80 

100 

Taking  deep  breaths.                    ^H 

H               80 

105 

Just  before  landing.                                                     ^^1 

^1              80 

105 

Landed                                                                        ^^M 

^H 

115 

1  min.  after  landing.                                                      ^^1 

^1 

115 

2                                     Feetswell.                             ^M 

■              80 

115 

Drank  ginger  ale,  sviii.                                               ^H 

H              ^ 

120 

1  min.  later.                                                             ^H 

^^^       88 

116 

^m 

^^^^^2 

■ 

■ 

~  skJsicknes^^^^^^^^B 

^^^^^^^       Protocol 

On  «B  '^  aboard  steamship  «  Caledonia."     _■ 

Transatlantic  trip  comineiioed  Jime  26,  1909.         ^H 

^^^^^  Time. 

Pulse-  Blood- 

RenmrkB.                                            1 

^^^^^H 

rate. 

pre9»< 

^^H 

84 

130 

Lying:,  after  exertion,  on  board  CaledonicL      1 

84 

125 

1 

76 

125 

i 

72 

125 

J 

^^H 

72 

125 

Boat  starts.                                                    ^M 

84 

120 

^M 

88 

115 

standing.                                                         ^^1 

^^H 

84 

115 

^m 

88 

115 

^ 

^^^m 

68 

115 

Lump-aensation  in  stomach. 

^^H 

72 

115 

Lying.    Odour  of  tobacco- smoke  offensive. 

72 

110 

•*           Saliva  inereased. 

72 

110 

Occipital  headache.    Arteries  small 

72 

110 

*'          Ache  behind  right  mastoid. 

^^^^^  S:20 

76 

95 

Standing.     Feels  well.     Fresh  breeze  from 
port-hole. 

70 

95 

Standing. 

84 

100 

" 

8© 

100 

Head  feels  well.                        ^M 

88 

95 

Slightly  hungry,                          ^H 

80 

95 

"           Eructations.                                 ^^M 

^        3:30 

80 

90 

Standing.     Masklike  feeling  in  scalp.                ■ 

^^H 

84 

100 

Tobacco-smoke  not  offensive.          ■ 

84 

100 

Slightty  dizzy.                             ^M 

^^H 

80 

100 

^^^1 

^^H 

68 

no 

Lying.     Arteries  dilated                            ^^| 

72 

110 

^^^^H 

68 

no 

^^^H 

l^^^^^^^H 

68 

no 

I^^^^H 

68 

105 

^^^^H 

68 

105 

^^^H 

68 

105 

^^^^H 

68 

105 

^^1 

^^^^^4:55 

80 

90 

Standing.    Putae-rhythm  irregular.  Arteries  J 
small.                                                            J 

76 

95 

Standing.                                                             ■ 

84 

95 

^^^M 

^         6:00 

84 

100 

^^^^1 

^^^H 

88 

90 

Slightly  dizzy  and  faint         ^H 

^^H 

80 

95 

Standing.                                                         ^H 

80 

95 

^^^^M 

^^H 

Dinner.    K I  aborption  test  reacted  in  2  hours   1 
17  min.    Salol  motility  test  reacted  In  2   J 

hours  22  min.                                                   J 

^^^K 

76 

115 

Lying.                                                                    ■ 

72 

115 

Feels  well.     Lying.                                        ^^M 

SEASICKNESS  488 

l^me.   Pulse-  Blood-  i>.«,-%.ir« 

p.m.     rate,  press.  Remarks. 

72  115     Lyin^.    Conscious  of  stomach  movements. 

72  115         "  .      Slight  lump-sensation. 

72  125         "         Head  feels  well. 

72  125 

76  125 

72  120 

72  115 

72  115         "         Arteries  larger. 

76  115 

80  115         "         Slisrht  lump-sensation. 

76  120 

76  115         "         Saliva  free  all  through  K  I  tests. 

76  115 

72  115 

Y2  115         "         Biparietal  headache. 

72  115         "         Artery  large. 

76  115     Lying.    Marked  "lump-sensation"  in  stom- 
ach. 

68  115      Lying. 

76  115 

72  115 

72  110 

76  115         "         Lump-sensation  marked. 

72  115 

8:14     84  115 

8:15    84  95     Standing.    Eructation.     Flatus. 

88  100         *'  Momentary  lightness  in  head. 

88  90         "  Lump-sensation  not  so  manifest. 

88  100 

8:21     84  100 

8 :  32    68  120     Lying.    Lump-sensation  in  throat  and  stom- 
ach. 

68  115      Lying.    Port-hole  has  just  been  closed. 

76  115 

68  115 

8 :  39    72  115         *  * 

8 :  40    88  95      Standing.    Sweating.    Cabin  warm. 

92       85 

84       85 

84       95 

8:56     76  95 

10 :  41     Went  to  bed.    Slept  well  but  dreamed  much. 


Protocol  6.— On  ^B.**    Second  day  at  sea  on  **  Oaledonia." 
June  27,  1900. 

a.m. 

6 :  44    72      105      Lying  in  bed  before  arising. 

72     105 
6:46    68     110 


^^^1 

■ 

■ 

HHI^^^^^H 

^^^^^4 

~    S^A^IC^ES^^^^^^^^H 

^^1                    Time, 

PuJae- 

Blood' 

Remarkft.                                   ^^^^| 

^^H 

rate. 

preBH. 

^m 

88 

90 

Standing.     Feels  well.                                          1 

^H 

84 

lOO 

Cool  breeze  from  port-hole,             ■ 

H                6:49 

84 

105 

^^^^1 

H                7:05 

88 

95 

3  min.  after  cold  plunge.           ^H 

^^H 

84 

95 

^^^^H 

^m                7:07 

88 

95 

^^^1 

^1                7:40 

68 

115 

Lyin^.     Feels  well.     Face  flushed.              ^^M 

^H 

72 

115 

Pupils  moderately  dilated.              ^^1 

^H 

72 

120 

"         Conjuoctivse  normal.                       ^^1 

^^H 

68 

130 

^^^^H 

^H 

68 

125 

^^1 

^H 

72 

125 

^^^^H 

■                7:47 

68 

125 

^^^^H 

H                7:55 

84 

105 

Standi  n£r.                                                        ^^| 

^^P 

84 

100 

^^^1 

^H 

80 

105 

^^^^H 

^H 

76 

95 

^^^^H 

K             ''7:6^ 

72 

100 

^^^H 

H                9:56 

92 

105 

Feels  well,  but  is  a  little  tired.  ^1 

^y 

88 

100 

m 

92 

95 

m 

10:04 

92 

95 

M 

10:05 

76 

120 

Lying.     Congestive  headache.                      ^^| 

80 

120 

Pupils  slightly  dilated.                  ^^M 

80 

120 

**         Slight  lump-sensation.                   ^^H 

76 

120 

Right  frontal  headache.                 ^^| 

76 

125 

^^^^1 

80 

120 

"         Slight  stomach  distress.                 ^^| 

10:11 

80 

120 

^^^^1 

10:18 

76 

115 

Slight  headache.     Arteries  dilated 

10:20 

80 

90 

Standing.    Eructation.    Lump-sensation  less. 

10:22 

92 

95 

*  t 

p.m. 

92 

95 

"          Arteries  moderately  dilated. 

12:21 

76 

110 

*•          After  walking  in  cool  breeze* 

76 

105 

'*          Lump-sensation  in  stomach  and 

throat 

76 

105 

Standing. 

76 

110 

tt 

12:25 

72 

105 

12:67 

72 

95 

**          After  making  analysis  in  cabin. 

72 

95 

Arteries  small. 

1:00 

72 

95 

"          Lump-sensation. 

1:01 

68 

110 

Lying.    Fulness  in  head.   Artery  moderately 

large. 
Lying. 

68 

105 

64 

105 

<  ( 

68 

115 

*  t 

1:07 

68 

110 

I* 

1:08 

72 

■ 

85 

Standing.     Blood-pressure  rose  to  120  from 
effort,  but  instantly  fell  to  86. 

f 

■ 

SEASICKNEsi                            485        ^M 

Tfmew 

Pu\m-  Blood- 

EemarkB,                                                   ^^| 

pjn. 

rate. 

press. 

72 

90 

1:10 

76 

95 

Standing.                                                                    ^| 

2:02 

•■ 

... 

Dinner.  K  I  absorption  test  reacted  in  21  ^H 
mi  notes.                                                                    ^H 

4:15 

68 

105 

Standing  after  walking  in  cool  breeze.                     ^H 

1 

68 

lOO 

Arteries  small.                                           ^H 

72 

100 

^^H 

4:21 

68 

100 

^^^H 

4:36 

68 

100 

Arteries  small.    Feels  well.                      ^M 

1 

68 

100 

^^H 

64 

100 

^^^H 

1 

64 

95 

^^^H 

,           4:41 

68 

100 

^^^H 

1          4:42 

68 

110 

Lying.    Feels  well.                                                     ^H 

L 

64 

110 

^^H 

■ 

60 

115 

^^^1 

■     4:45 

68 

120 

^^^H 

n     4;46 

60 

115 

Fulness  in  head.                                          ^H 

1 

60 

115 

Slight  headache. ^                                          ^M 

1 

64 

120 

"         Lump'Sensatton  in  stomach.                       ^^M 

' 

60 

115 

**         Right  occipital  pain.                                    ^H 

1          4:56 

64 

115 

Feels  sleepy.                                                 ^H 

1          4:67 

64 

130 

On  standing  up.                                                           ^H 

68 

105 

Standing.    Feels  a  little  better  standing.               ^M 

1 

68 

100 

^^m 

1          5:00 

68 

100 

^^^H 

'         S:&0 

68 

90 

After  walking  in  the  air.                       ^H 

72 

95 

'*           Feels  well,  but  is  tired.                          ^H 

8:52 

68 

95 

^^^H 

8:53 

64 

105 

Lying.     Face  flushed  and  hot.                                  ^H 

[ 

60 

105 

Conscious  of  respiratory  movements.          ^H 

■ 

60 

115 

"         Lump-sensation  in  stomach.                        ^H 

■ 

60 

110 

Pupils  slightly  dilated.                               ^M 

■ 

60 

110 

■ 

60 

no 

**         Conjunctivse  normal.                                    ^H 

^    9:03 

GO 

115 

Feels  sleepy.                                                 ^M 

9:04 

72 

125 

On  standing  op.  Blood-pressure  instantly  ^H 
fell  to  90.                                                                 ^H 

■ 

72 

90 

Standing.     Sleepy.                                                   ^H 

68 

95 

Arteries  moderately  large.                    ^H 

72 

95 

"           Lump-sens  a ti on  occasionally.                 ^H 

'          9:08 

72 

90 

9:35 

1 

k 

Went  to  bed.  Was  awakened  by  indigestion^  ^H 
which  soon  disappeared,                                        ^H 

^^^^^BS 

■ 

w 

SEASICKNESS       ^^^^^^H 

^m               Pjfotocol  7,— On  «B» 

Tbird  day  on  "Caledonia."    June         J 

28,  1909.                                              ^H 

PulM-  Blood- 
rate,     press. 

Remarke*                                       ^^^| 

H 

80 

115 

Lying 

in  bed.                                                  ^^| 

U 

116 

« > 

^1 

H              7:07 

64 

115 

a 

^M 

H              7:03 

80 

105 

Standing.                                                           ^H 

80 

110 

■  J 

^^M 

H 

80 

105 

t* 

jH 

H              7:12 

80 

95 

II 

Before  cold  tub.                             ^H 

^1             7:13 

72 

140 

Lying  after  getting  into  cold  tub.                  ^^1 

■              7:131 

72 

135 

4  t 

Still  in  cold  tub.                                 ^^ 

■              8:00 

72 

105 

Standing  after  dressing.                                  ^^M 

■^             8:01 

76 

100 

ti 

Feels  well.    Arteries  amalL         ^H 

8:02 

68 

120 

Lying. 

^^H 

64 

125 

*' 

^^H 

64 

120 

** 

^^M 

8:05 

64 

120 

i« 

^^H 

80 

110 

Standing.    Arteries  smalL                            ^^H 

76 

105 

" 

^^^M 

76 

no 

tt 

^^H 

p,nL 

^^^H 

1:07 

72 

100 

i« 

after  sitting  in  the  air.                   ^^M 

72 

100 

i# 

^^H 

1:10 

72 

100 

tt 

^^^ 

1:11 

64 

105 

Lying. 

^^^ 

1:14 

64 

no 

*4 

^^^1 

1:15 

64 

no 

Standing.     Feels  well.                                    ^H 

76 

110 

4  ( 

72 

100 

«« 

1:17 

72 

116 

If 

1:56 

76 

110 

«i 

after  dinner.                                    ^H 

76 

115 

ti 

80 

105 

t* 

1:59 

76 

105 

1* 

8:40 

68 

105 

«f 

after  being  on  deck.                        ^^M 

76 

110 

t* 

76 

100 

(( 

76 

100 

tt 

80 

120 

it 

Sneezed.                                   ^^^H 

80 

120 

*t 

80 

120 

tt 

m 

no 

*t 

76 

106 

ft 

8:66 

76 

105 

it 

3:56 

72 

115 

Lying, 

Faoe  (lushed  and  hot                          ^^M 

72 

115 

** 

Feels  sleepy.                                          ^^M 

68 

115 

tt 

Conjunctivae  slightly  congestec}.        ^^M 

68 

115 

It 

Pupils  slightly  dilate^                       ^^M 

►                   4:00 

64 

L 

105 

H 

After  falling  a§Ieep,                         ^H 

SEASICKNESS 


487 


Ttme, 

PolM-  BkMd- 

p.in. 

rate. 

press. 

4:01 

64 

100 

64 

105 

4:10 

64 

105 

60 

110 

60 

105 

60 

105 

64 

105 

64 

110 

64 

110 

64 

110 

60 

105 

60 

110 

64 

105 

64 

105 

64 

110 

64 

110 

64 

105 

64 

105 

4:26 

64 

105 

4:27 

60 

110 

60 

110 

64 

110 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

60 

105 

4:49 

64 

110 

4:60 

60 

100 

60 

105 

60 

105 

4:54 

60 

110 

60 

110 

4:58 

72 

110 

68 

105 

68 

105 

5:03 

68 

110 

68 

110 

68 

110 

68 

110 

68 

110 

5:12 

76 

100 

72 

100 

Lying. 


Partially  roused. 
Asleep ;  face  flushed. 


Snoring.    Face  deeply  flushed. 


"    Not  snoring. 

"    Snoring.    Face  deeply  flushed. 
««         <<  <«  <« 

Snoring.    Face  flushed. 


asleep. 


"    Face  flushed. 


72     105 


Snoring.    Deep  breatha 


Awake. 

Skin  warm  on  awaking. 

Half  awake. 


Standing.    Cool  breeze  on  body, 
"  Arteries  small. 


H 

SEASICKNESS             ^^^^^H 

^^m                Time,  Pulfie-  Blbod^ 
^^B                   p.m.     rate,     preas. 

Boiurkg.                                    ^^^^B 

H 

72 

10€ 

^H             10 :  23 

76 

105 

Standiner.                                                          ^^| 

^^m 

76 

100 

^^^^1 

■             10:25 

72 

100 

^^^^1 

^M             10:26 

68 

115 

Lying.     Face  flushed  and  hot                         ^^H 

^H 

64 

115 

Pupils  moderately  dilated.                 ^^M 

^V 

64 

115 

"         CoDjunctivae  normal.                              ■ 

10:28 

64 

115 

Protocol  8. 

-On 

*B,"  alMjard  the  "Caledonia."     Fourth  day.      1 

June  29,  1900,                                                J 

7:00 

76 

120 

Lyin^  in  bed     Cold  breeze  on  arms.                    1 

72 

120 

Weather  foggy  and  cold             J 

7:12 

76 

120 

Ship  rolling  muck                 ^^M 

7:  IS 

84 

110 

Standing  in  cool  breeze.                                    ^^M 

92 

110 

^^^^H 

7:  IB 

84 

105 

7:29 

68 

130 

Lying  after  cold  tub.                                       ^^| 

68 

130 

^^^H 

68 

130 

"     Cool  breeze  from  port-hole.                    ^H 

64 

125 

^^^^1 

7:35 

64 

130 

' '                                                                        ^^^^1 

7:36 

80 

120 

Standing.                                                          ^^| 

84 

95 

^^1 

72 

110 

^^H 

76 

110 

^^1 

7:40 

84 

105 

^^H 

10:06 

68 

90 

In  cool  cabin.                                     ^^| 

76 

95 

^^m 

80 

105 

Breeze  from  port-hole*                    ^^| 

88 

lOO 

^^^m 

84 

105 

^^H 

10:12 

76 

100 

^^^^H 

10:13 

6S 

120 

Lying.     Fulness  in  head.                                 ^^| 

68 

120 

^^H 

64 

115 

Occipital  headache.                          ^^H 

72 

120 

Weather  cold     Dark  day.                ^H 

72 

130 

Feels  chilly.                                        ^H 

72 

120 

Sleepy.    Disinclined  to  get  upw        ^^| 

68 

120 

^M 

76 

120 

68 

120 

'^^H 

72 

m> 

^^^M 

72 

120 

• 

^^^^M 

72 

120 

^^^^^M 

€8 

125 

^^^^H 

^ 

72 

■ 

120 

L 

^^^^1 

V 

■ 

■ 

SEASICKNES^^^^^^^^^^^B 

Time, 

PulBfr 

Blnofl* 

Bemarka.                                                    ^H 

A.m. 

ntB. 

presH. 

^H 

72 

120 

Lying, 

72 

120 

«i 

^^^1 

76 

120 

n 

^^H 

76 

125 

tt 

^^H 

72 

126 

t* 

^^^ 

10:45 

72 

120 

i« 

^^H 

IQ'.m 

80 

110 

standing.     Headache  better.                                    ^H 

84 

110 

t4 

^^H 

80 

100 

II 

Some  fulness  in  head  still.                      ^^| 

84 

100 

•  ( 

^^H 

80 

105 

<• 

Slight  headache.                                     ^H 

84 

100 

tt 

^^H 

10:52 

80 

100 

«• 

FeelB  chilly.                                            ^H 

p.m. 

^^^H 

12:35 

76 

90 

•* 

Occipital  pain  and  tenderness.              ^^| 

76 

90 

■* 

Eyes  heavy,  weak  and  aching.              ^^^ 

80 

90 

«t 

Par^stheafse  of  scatp.                             ^^1 

80 

95 

t* 

Fulness  in  mastoid  areas.                      ^^1 

'          12:39 

80 

96 

tt 

Forehead  hot     Hands  cold                   ^H 

12:i>l 

1 

72 
76 

95 
100 

f  < 

■ 

12:53 

68 

125 

Lyinff. 

Drowsy.     Fulness  in  head.                          ^^1 

64 

125 

If 

Face  flushed.     Feet  cold.                            ^H 

64 

125 

(1 

^^H 

60 

125 

«i 

^^H 

60 

125 

«i 

^^1 

60 

125 

•• 

^^H 

64 

120 

i« 

^^H 

1:01 

68 

120 

t« 

Headache.     Face  flushed.                            ^H 

1:02 

68 

125 

14 

^^H 

1:04 

68 

120 

tt 

^^1 

1:05 

72 

116 

Standing-.     Headache  better.                                     ^^M 

76 

90 

i< 

Some  fulness  in  head.                             ^^1 

76 

90 

<i 

Eyes  ache  and  feel  heavy.                      ^^1 

76 

90 

«i 

Absorption  and  motility  tests  re-          ^^| 
acted  in  2  hours  16  min.                      ^^H 

1:09 

72 

90 

tt 

^^H 

6:48 

76 

105 

t » 

After  dinner.    Feels  well.                    ^^H 

84 

105 

tt 

84 

105 

tt 

^^1 

84 

105 

*t 

^^H 

88 

110 

tt 

^^^ 

6:56 

84 

110 

** 

^^1 

6:57 

80 

130 

Lying. 

Fulness  in  head,  especially  at  vertex.         ^^| 

80 

130 

11 

Face  flushed.                                                   ^H 

76 

130 

tt 

Pupils  normal.                                               ^H 

_ 

76 

125 

tt 

H 

7:04 

76 

125 

tt 

7:05 

88 

120 

StaBding.    Fulness  in  ears.                                      ^H 

84 

■ 

100 

«i 

^■^4^^ 

■ 

■ 

SEA^KN^^^^^^^^^^B 

^H               Time, 

PuIbc^  Blood- 

Rem^kft,                                          ^^^H 

^^^^1                  p.niii. 

rmte. 

DPesB. 

76 

105 

Standing.     Frontal  headache. 

84 

100 

'*           Dizzy.    Lump-sensation  in  Btom- 

88 

110 

[ach. 

84 

110 

iC 

88 

110 

t* 

^M 

84 

110 

11 

^M 

72 

105 

After  walking. 

76 

105 

"           Feels  well.     Skin  in  a  glow. 

^M      10 

76 

105 

4.1                                                                                                                                                                                ^^ 

^M 

76 

125 

Lying  in  bed.                                                  ^^| 

72 

ISO 

H 

68 

125 

^1 

^^L          10:17 

68 

130 

Slept  well.  Port-hole  closed  because  of  rough 
weather. 

^^^^^^^     Protocol 

On  «B.»*    Fifth  day  out  on  « Caledonia," 

June  30,  1909. 

^ 

^^L            6:50 

64 

125 

Lying  in  bed.     Feels  well.     Slight  coryza. 

68 

120 

Face  and  hands  slightly  eczematous. 

68 

120 

•  4 

68 

125 

il 

^M            7:00 

68 

125 

II 

^H 

80 

120 

Standing.    Arteries  very  small.                     ^J 

72 

100 

^^^H 

76 

110 

^^^H 

76 

110 

^^^1 

^1             7:06 

76 

110 

^^^^1 

^H 

76 

110 

2  min.  after  cold  tub.                 ^H 

76 

110 

^^^^1 

76 

105 

^^^^1 

^M             7:20 

76 

110 

^^^H 

^H 

68 

125 

Lying.    Slight  fulness  in  head                    ^^H 

68 

125 

^^^^1 

64 

125 

^^^^H 

^H              7:25 

64 

125 

^^^1 

^^^        7:26 

76 

125 

Standing.    Ship  rolling  con3iderabl]r.          ^H 

76 

lis 

^^^^1 

76 

110 

^^^^1 

SO 

120 

^^^^H 

72 

120 

^^^^H 

H 

76 

HO 

^^^^H 

^1             9:48 

80 

105 

Slight  headache,                        ^H 

88 

100 

^^^^1 

84 

100 

^^^^H 

80 

100 

^^^^1 

^1             9;5B 

80 

■ 

100 

^^^H 

^p 

■ 

■ 

m 

V 

SEASICKNESS  '                           441          ^H 

Tim., 

Pulie-  Blood- 

Remarkit                                                          ^^^^| 

a,m. 

mto. 

presa. 

9:59 

72 
72 

120 
120 

Lying. 

Feels  sleepy.                                                  ^^M 

72 

120 

«i 

^^1 

10:02 

68 

120 

«f 

Ship  rolling  and  pitching.                             ^^| 

84 

105 

Standing.     Slight  headache.                                       j^H 

84 

115 

Feels  heavy  and  dull.                               ^^M 

80 

100 

LightneBB  in  head                                     ^^1 

84 

100 

^^H 

10:07 

84 

105 

p.m. 

1:14 

76 
80 

95 
105 

Before  dinner.     Arteries  small.               ^^M 

1:16 

72 

95 

2:06 

80 

100 

After  dinner.     Feels  well.                       ^^M 

2:07 

80 

105 

Absorption  test  reacted  in  3  hours            ^^1 
24  minutes.                                             ^^1 

5:55 

64 

95 

Feels  well,  but  has  indigestion.               ^^H 

72 

105 

Lump-senaation.                                         ^^M 

1 

68 

105 

5:58 

68 

105 

10:05 

76 

95 

Slightheadache.  Lump-sensation.            ^^M 

li 

72 

105 

Fulness  in  ears  made  worse  by           ^^1 

moving  head.                                        ^^M 

72 

95 

68 

95 

72 

lOO 

68 

95 

68 

100 

68 

95 

68 

95 

Lightness  and  fulness  in  head.                 ^^M 

i 

68 

90 

1, 

72 

lOO 

Feels  as  if  top  were  being  raised           ^^H 
off  head.                                               ^^M 

76 

95 

Indigestion.                                               ^^1 

10:21 

72 

100 

Eyes  aching.                                               ^^1 

10:22 

64 

120 

Lying. 

Saliva  increased.                                            ^^1 

56 

115 

Lump-sensation  in  throat                             ^^H 

64 

115 

Fulness  in  ears,  especially  in  rights            ^^M 

60 

115 

10:26 

60 

115 

Ship  rolling  and  pitching.                            ^^H 

10:30 

60 

115 

10:31 

60 

115 

Ship  rolling  mainly.                                        ^H 

10 ;  32 

60 

115 

Standing.     Lump-sensation  comes  and  goea,            ^^| 

68 

105 

Tinnitus  aurium.                                        ^^H 

72 

105 

Burning  sensation  in  stomach.                 ^^M 

72 

105 

1 

68 

95 

72 

96 

Lump-sensation  in  t^iroa^                       ^^M 

76 

100 

10:40 

68 

■ 

105 

Stomach  irrigated.                                  ^H 

■ 

■ 

m 

IRB^^^^^H 

^^^^M2 

SEASICKNESS                 ^^^^H 
July  1,  1&09.                                 ^^^1 

^^M                   Ttine. 

PutM-  Blood. 

Remarks-                                       ^^H 

^^B 

Mte. 

press. 

vp^l 

H              12:15 

72 

110 

Standing.    Peela  well.                                        1 

72 

100 

«f 

Burning  sensation  in  stomach  3  till       1 

72 

100 

J 

H              12:18 

76 

100 

n 

1 

H              12:19 

64 

120 

Lying 

in  bed.     Lump-sensation  in  throat         1 

56 

120 

•  • 

1 

60 

120 

*t 

wJ 

H              12:22 

64 

120 

«i 

41 

^P                   Protocol 

10.- 

On  *^B.»    Sixth  day  out  on  « CaledonUu"        1 

July  1,  1900.                                       ^H 

K.m. 

^^^^H 

8:33 

76 

120 

Lying 

in  bed                                                   ^^M 

72 

120 

i« 

H 

72 

120 

li 

H 

8:36 

68 

120 

II 

^m 

8:37 

88 

110 

Standing.     Ship  rolling  about  badly.           ^H 

96 

90 

Feels  weak,                                 ^H 

96 

90 

mM 

88 

90 

Respiration  irregular  and  rapidu 

88 

85 

Lightneaa  in  head 

92 

95 

Arteries  large. 

96 

90 

Fulness  in  ears,  especially  behind 
right  mastoid 

96 

90 

92 

95 

104 

105 

Exercised.    Chinned  bar  3  times. 

. 

104 

95 

Conscious  of  respiratory  move- 
ments. 

8:49 

84 

95 

Muscles  weak  and  tremulous. 

9:10 

92 

90 

After  shaving.  Ship  rolling  badly. 

96 

90 

Has  to  hold  on  to  berth. 

92 

85 

Stomach  feels  well. 

92 

95 

Sense  of  weight  in  head 

92 

90 

Eructations. 

92 

90 

Lump-sensation  in  stomach. 

92 

85 

Saliva  free.  Numbness  in  occiput 

88 

96 

88 

95 

Feels  wealL 

9:21 

83 

95 

9:22 

76 

130 

Lying. 

Arteries  moderately  contracted 

72 

135 

f  1 

Respirations  14  to  minute. 

72 

135 

«< 

Fulness  in  head 

72 

125 

i« 

Slight  lump-sensation  in  stomach. 

68 

125 

■< 

Headache  in  right  temple.              ^^M 

68 

1E5 

«4 

Face  flushed                                    ^^M 

68 

120 

*l 

J 

Conjuntiv^  congested.                   ^^H 

^^ 

■ 

■ 

■ 

SEASICKNESS                            448       ^H 

Time. 

Pulse-  BJood- 

Rfiinarka.                                                       ^^H 

A.m. 

rate. 

pr«ftB. 

68 

125 

Lying,     Saliva  free.                                                   ^^| 

76 

120 

«• 

^^H 

72 

125 

(4 

^^^1 

68 

126 

l« 

^^H 

72 

120 

«« 

^^H 

68 

126 

if 

^^^1 

72 

120 

l« 

Respi rations  18  to  minute.                         ^^| 

d:48 

72 

125 

** 

Lump-sensation  in  stomach.                         ^^| 

9:49 

88 

100 

*« 

Eructations.                                                    ^^^ 

84 

95 

•  « 

Lightnes£{  in  head  behind  rig-ht  ear,          ^^H 

88 

95 

•  « 

Numbness  behind  right  ear.                        ^^H 

88 

95 

I* 

Respirations  16  to  minute^                          ^^1 

88 

95 

** 

Ship- rolling  badly.                                       ^^H 

92 

95 

«« 

Feels  fairly  well.                                         ^H 

10:04 

88 

90 

*f 

Respirations  24  to  the  minute.                   ^^H 

PJIL 

^^^H 

12:50 

72 

130 

<4 

After  makiniT  analysis.                                ^^| 

72 

130 

«i 

Fulness  in  head.    Skin  moist.                    ^^1 

76 

130 

*l 

Sleepy,     Respirations  16.                            ^H 

72 

125 

l( 

Lightness  in  left  ear.                                  ^^1 

12:58 

72 

125 

«l 

Slight  headache.    Weight  on  top  of         ^H 

head.                                                      ^H 

12:59 

88 

no 

Standing:.    Feele  dizzy  and  weak.                            ^^| 

88 

90 

'           Tremulouaness  all  over  body.                  ^^| 

88 

95 

Fulness  and  lightness  in  ears.               ^H 

92 

95 

Coronai  headache.                                  ^^1 

92 

90 

1:04 

92 

95 

4:40 

84 

105 

Feels  weak.     Sweating.                         ^^| 

84 

100 

*           Eyes  heavy  and  aching.                         ^^| 

84 

105 

*           Lump-sensation  in  stomach.                   ^H 

84 

100 

88 

95 

4:48 

88 

100 

Ship  rolling  badly.                                 ^^| 

4:49 

68 

116 

Lyin 

[g.     Fulness  in  head.                                            ^^| 

72 

120 

** 

Face  flushed                                               ^^1 

68 

120 

<« 

Sleepy.                                                          ^H 

64 

120 

•' 

Great  relief  to  He  down.                            ^^H 

68 

115 

4* 

Eyes  heavy.                                                 ^^1 

68 
68 
64 

115 
115 
120 

*t 

Respirations  22.                                          ^^1 

** 

60 

120 

«f 

64 

120 

•  i 

64 

120 

4» 

64 

116 

*t 

72 

110 

i< 

68 

115 

•  « 

64 

116 

*t 

^ 

68 

■ 

116 

*t 

^^^^^t 

■ 

■ 

^S^SICOES^^^^^^^^H 

^H               Ttme, 

Pi]Ib«>  Blood- 

Rflmaric                    ^^^^B 

^^^^ 

nte. 

preti. 

^^^^^^^M 

68 

105 

Lyin?.                                                             ^H 

72 

115 

^^M 

68 

100 

^^H 

72 

115 

^^M 

68 

115 

^^H 

72 

115 

^^1 

72 

105 

^^1 

72 

115 

^^1 

72 

110 

^^M 

64 

116 

^^1 

68 

115 

^ 

^^^ 

68 

115 

H 

H               6:55 

80 

126 

standing.    Feels  well.                                    ^H 

80 

105 

Slierht  headache. 

80 

110 

•'           Ship  rolling  badly. 

80 

110 

Numbness    and    burning    in  oc- 
ciput 

84 

90 

li                                                                          1 

88 

95 

i< 

84 

95 

J* 

^^^^^:20 

" 

., 

Dinner  over.    Absorption  teat  reacted  in  37 

minutes. 

^m            9:34 

84 

95 

Standing  after  walking  on  deck. 

84 

90 

Irritable  and  worrisome. 

76 

100 

, 

80 

100 

fl 

84 

100 

H 

84 

105 

H 

80 

105 

>  S 

84 

100 

Feels  well.                                     H 

^m             d:45 

84 

100 

■ 

^H              9:50 

72 

120 

Lying  in  bed.     Slight  frontal  headache. 

72 

120 

Pain  through  right  eye. 

68 

120 

'*      Pain  in  muscles  of  occiput,  right  side. 

68 

115 

i« 

^^^       9:56 

68 

120 

••      Ship  rolling  badly. 

^^^       Protocol  11.— On  "B."    Seventh  day  out  on  ''Caledonia.^        ' 

July  2,  1909.                                                  J 

^^H 

^^M 

H 

72 

125 

Lying  in  bed.     Feels  well.                              ^H 

76 

125 

^^^^1 

68 

120 

^^^H 

H             6:54 

68 

125 

1                                                                    ^^^^1 

^K^       6:55 

110 

Standing.     Lightness  in  head                       ^^M 

88 

95 

Feels  welt                                     ^H 

72 

90 

^^^H 

84 

■ 

90 

^^^1 

SEASICKNESS 
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Time,   Pulae-  Blood- 
a.m.      rate,    press. 


105 

95 

90 

90 

85 

120 

130 

120 

120 

130 

130 

130 

130 

110 

100 

95 

90 

95 
95 
95 
100 
95 
95 
95 

12:20  80   100 


6:59  84 

7:00   .. 

7:27  84 

96 

92 

7:30  88 

7:31  84 

72 

68 

7:34  67 

8:00  68 

72 

68 

8:04  68 

8:05  68 

76 

76 

76 

80 

80 

8:11  88 

8:56  80 

84 

76 

8:59  80 


76 
76 
80 
84 
12:26  80 
12:27  80 
72 


12:35  64 

12:36  68 

80 

80 

76 

12:40  76 

12:46  76 

88 

92 

84 


100 
100 
100 
100 
100 
120 
120 


72  125 

68  120 

72  125 

64  120 


125 
100 
100 
105 
100 
100 
100 
105 
90 
95 


Remarks. 

StandinsT. 
Cold  tub. 
Standing.    Longs  to  sit  or  lie  down. 


Lying. 


Throat  tickled.    Cough  suppressed. 


Slight  headache. 
Eyes  heavy.    Sleepy. 


Standing.    Numbness  in  scalp. 
Ship  rolling  heavily. 
Feels  well. 

Conscious  of  respiratory  move- 
ments. 


Ship  rolling.    Balancing  efforts. 


After  3  hours  on  deck  walking 

and  sitting  in  cool  air. 
Feels  well. 
Artery  contracted. 


Lying.    Arteries  moderately  dilated. 
Respirations  18. 
Feels  well.     Sleepy. 


Standing.    Arteries  well  contracted. 


After  effort  at  balancing. 
With  eyes  closed. 

Arteries  dilated. 


■ 

W 

SEASICKNESS       ^^^^^^^| 

^H               Tlm«; 

PuTea-  Blood- 

Remarks.                             ^^^^^^^| 

^H                p.m. 

rate. 

pnai. 

■           12:&1 

d2 

95 

Standing.                                                        ^^H 

^^^       2:52 

88 

130 

Lying. 

Suppressed  a  sneeze.                         ^H 

76 

125 

'* 

Arteries  moderately  large.                      1 

76 

120 

it 

Respirations  22  at  first,  later  22.            J 

76 

125 

" 

^ 

72 

120 

•  • 

■ 

72 

115 

li 

■ 

76 

125 

■ 

^B.             SrOl 

72 

120 

■ 

^1            3:02 

76 

95 

Standing.     Feels  well.                                     ^H 

^M            S:03 

92 

90 

1  f 

Arteries  large.                              ^H 

^1            3:04 

92 

90 

•  1 

^^H 

84 

100 

t* 

^^1 

92 

95 

** 

^^H 

88 

95 

•  « 

^^1 

^M            3:08 

92 

95 

ft 

^^B 

^H             4:30 

80 

105 

it 

After  sitting  on  deck  for  an  hour 
and  a  half. 

80 

105 

*4 

J 

76 

105 

*t 

J 

80 

105 

it 

Arteries  small.                            ^^ 

80 

lOB 

•  ( 

•j^^H 

^B            4:35 

80 

105 

*t 

>        ■ 

■ 

84 

130 

Lying. 

Face  flushed.                                     ^H 

72 

130 

** 

Hands  cold.                                        ^B 

68 

125 

*  i 

^^H 

68 

125 

• 

Feela  well.                                     ^| 

72 

125 

i  i 

■ 

68 

130 

■ 

H              4:4& 

68 

130 

*  t 

■ 

■ 

72 

105 

Standing.    Arteries  very  sin  all.                    ^H 

84 

100 

«• 

I^^H 

84 

105 

n 

^^1 

80 

100 

l« 

^^1 

80 

105 

it 

^^H 

84 

100 

*t 

^^1 

^^^ 

84 

105 

tt 

^1 

After  dinner  absorption  teat  did  not  react 

positively  for  3i  hours. 

H            10:35 

88 

85 

Standing.     Feels  well. 

88 

85 

Arteries  very  small.                    ^J 

80 

85 

^H 

92 

85 

^^1 

80 

85 

^^^ 

80 

85 

^^H 

80 

85 

^^1 

80 

85 

^^1 

H           10:45 

76 

85 

■  4 

^^H 

■            10:46 

60 

130 

Lying. 

Arteries  large.                                  ^H 

60 

■ 

125 

CI 

Liver  not  enlarged  or  tender.          ^H 

SEASICKNESS 


447 


Time. 
p.m. 

10:49 


Pulse-  Blood- 
rate.    preM. 


60 
64 


120 
120 


lUimarki. 

LyinfiT. 

Slierht  lump-sensation   in  stomach, 
fairly  well,  but  dreamed  much. 


Slept 


22 
23 


Protocol 


p.m. 

4:67  84 
88 
80 
84 
84 
80 
80 
84 
84 
80 
64 
56 
60 
52 
56 
60 
52 
56 
56 
56 

5:36     56 

100 

88 

5:42  100 


11a.— On  «S.»    Aboard  "Caledonia.* 
day  out.    July  2,  1900. 


SeYonth. 


35 


80 

90 

90 

85 

100 

80 

75 

80 

80 

115 

105 

110 

100 

105 

105 

105 

105 

110 

105 

105 

75 

80 

80 

80 


StandinfiT. 


Ly 


ner.    Arteries  larsre. 

Pulse-rhythm  irregular. 
Face  flushed. 

Sleepy. 


Standing. 


Protocol  12.— On  "B."    Eighth  day  out  on  *<  Caledonia.* 


6:55     68      120 


72 

72 

68 

7:01     68 

7:02     88 

84 

80 

7:05     80 

7:22     88 

92 


120 

115 

115 

115 

110 

100 

95 

95 

85 

90 


July  8,  1909. 

Lying  in  bed.     Slight    lump-sensation    in 

stomach. 
Lying.    Respirations  18  and  16. 


Standing.    Lump-sensation  in  stomach. 


After  dressing. 


H           448 

8EASIGKNE33            ^^^^^H 

^H                    Ttnus; 

Pul«e-  Blood. 

Remarkc 

^^H                      turn. 

rate. 

pre»B. 

88 

90 

Standiner. 

H               7:27 

88 

90 

i. 

" 

H                7:28 

68 

120 

Lying, 

Eeapirations  20. 

68 

115 

*' 

Lump-sensation  in  stomach  slight. 

68 

115 

*t 

68 

120 

<i 

68 

120 

<« 

H               7:37 

72 

115 

*f 

■                7:88 

84 

85 

Standinir. 

84 

85 

it 

84 

86 

«i 

88 

90 

f  ( 

^^_ 

7:42 

84 

95 

■( 

^^H 

7:51 

88 

90 

•t 

After  stomach  irrigation.         ^W 

84 

90 

«» 

Lump-sensation      persists       in 
stomach. 

88 

95 

t* 

92 

95 

<* 

7:55 

92 

95 

*t 

7:56 

76 

1K5 

Lying. 

Fulneaa  in  ears. 

80 

126 

ji 

Lump-sensation  in  stomach  persists. 

72 

126 

it 

Arteries  large. 

68 

126 

** 

Respirations  20. 

72 

120 

t* 

72 

115 

4» 

t 

68 

115 

** 

^^M 

8:09 

68 

115 

4  1 

^^H 

8:10 

92 

95 

StandiDfiT.    Reflpiratione  16.                             ^^ 

88 

90 

i  I 

Raw  feeling  in  fundus  of  atom*     1 
ach.                                                  J 

92 

90 

Arteries  large.                                   ■ 

88 

90 

J 

88 

95 

H 

8:15 

84 

90 

H 

11:68 

68 
84 
80 
76 

85 
85 
90 
90 

''^■■*'"  """  J 

p.tTL. 

^M 

12:05 

80 

90 

«i 

M 

12:06 

68 

115 

Lying, 

^1 

64 

105 

li 

^M 

68 

116 

»i 

■ 

60 

110 

(1 

^M 

60 

115 

*« 

^1 

12:10 

84 

105 

•  * 

^1 

12:11 

72 

90 

Standing,    Arteries  small .                           ^^M 

76 

90 

i  i 

^^^H 

76 

95 

*t 

^^H 

12:14 

76 

■ 

90 

•  4 

J 

SEASICKNESS 


449 


*Tlm«b    Palte-  Blood- 
Ptiin.      rate,    preti. 

1:38     .. 

1:50    92       95 
96       59 


92 

95 

88 

95 

96 

90 

1:56 

92 

95 

1:57 

76 

125 

76 

125 

76 

120 

80 

115 

76 

120 

76 

120 

72 

115 

2:31 

72 

120 

80 

115 

80 

115 

76 

115 

2:35 

76 

115 

72 

115 

72 

120 

80 

125 

76 

115 

80 

115 

2:43 

76 

115 

72 

115 

72 

115 

2:50 

68 

115 

2:51 

'  80 

125 

2:52 

80 

115 

2:53 

84 

85 

92 

95 

84 

95 

92 

95 

88 

95 

96 

85 

96 

85 

96 

90 

3:01 

88 

90 

4:57 

80 

90 

88 

100 

84 

90 

5:05 

84 

90 

5:06 

76 

120 

72 

120 

68 

120 

76 

115 

5:10 

72 

120 

5:11 

80 

110 

Dinner  over.    Motility  test  reacted  in  1  hour 

25  minutes. 
Standing.    Fulness  in  ears. 


Lying.    Respirations  20. 


Asleep. 


Respirations  18. 
Pupils  contracted. 

Conjunctivn  congested. 


Coughed. 


Awoke  suddenly. 

Hot  flush  along  spine  on  awaking. 
Standing.     Ship  rollinif. 

Efforts  at  balancing. 
Feels  well 
Lump-seneation  in  stomach. 


After  sitting  in  cold  air. 


Lying.    Face  flushed. 


Standing.    Feels  well 


■ 

■ 

HHi^^^^^^l 

450 

SEASlS^^^^^^^^^^H 

9M. 

3r 

552: 

ii».A.. 

80 

100 

Standing.    Slight  lump-sensation  in  stomach. 

84 

96 

«« 

84 

95 

*• 

88 

95 

f«                                                    « 

88 

90 

« t 

88 

96 

*t 

^               6:1S 

80 

90 

** 

5:36 

" 

•• 

Stomach    contents    removed     Some    freah 
blood 

10:^ 

80 

90 

Standing.    After  resting  on  deck. 

84 

90 

(< 

84 

86 

<i 

80 

85 

•• 

84 

85 

«« 

10:28 

84 

90 

■  1 

10:29 

68 

115 

Lying  in  bed     Feels  well.     Arteries  largre. 

64 

116 

Respirations  20. 

64 

125 

Slight  iump-sensation  in  stomach. 

60 
60 
60 

120 
125 
115 

**      Slight  herpes  Uiinalis  appearing. 

«i 

10:35 

64 

120 

tt 

Protocol  13ft.— 

-On  *^  S .»    Eightli  dajr  out  oa  ''  Oaledonia." 

July  8,  l@Oe. 

p.m. 

12:19 

76 

80 

Standing, 

72 

85 

t4 

76 

85 

**                                                                                                                                      * 

76 

85 

It 

76 

90 

If 

72 

95 

Laughed- 

12:25 

76 

85 

1* 

12:34 

60 

110 

Lying.    Arteries  moderately  large. 

60 

105 

St 

60 

105 

t* 

&6 

105 

l« 

12:38 

60 

105 

l« 

12:39 

76 

86 

standing.    Arteries  moderately  contracted 

76 

90 

it 

76 

90 

4i 

76 

90 

41 

12:43 

76 

95 

II 

Protocol  13 - 

On  "  B.*    Nintli  day  out  on  «  Oaledonift." 

July  4,  1909 

m.ni. 

I              6:4B 

Cold  tub.    Moville. 

^         7:04 

64 

125 

Lying.    Ship  has  Just  started  from  MovJUe. 

■ 

■ 

SEASICKNESS                           m       V 

Time, 

PulM-  Blood- 

Bcasarki.                                                  ^^| 

m,m. 

rmte. 

presa. 

64 

120 

Lying. 

^^1 

64 

120 

«» 

^^1 

7:06 

68 

120 

•* 

^^1 

7:07 

84 

105 

StandinfiT.    Feels  welL                                             ^H 

88 

105 

4  i 

^^M 

80 

105 

<i 

^^M 

84 

105 

4f 

^^M 

7:11 

80 

105 

4« 

^^1 

7:64 

72 

120 

Lying* 

After  packing  suit-cases.                          ^H 

76 

120 

i« 

^^H 

68 

120 

t4 

^^M 

7:57 

72 

120 

(t 

^^M 

7:58 

96 

95 

Standing.    For  a  moment  blood-pressure  was         ^H 

at  US 

^^H 

92 

90 

Standing.                                                                  ^H 

92 

90 

i 

^^^1 

92 

95 

( 

^^M 

8:02 

92 

95 

( 

^^H 

9:40 

112 

85 

1 

Cabin  very  hot  and  close.                     ^H 

112 

90 

* 

Sweating.                                                ^H 

■ 

108 

90 

« 

Lightness  in  head.                                ^H 

■ 

108 

90 

« 

^H 

I 

108 

80 

<t 

ArterieB  variable,  i.e.,  small  at 
times  and  at  others  large. 

■    9:49 

104 

85 

** 

■    9:50 

76 

135 

Lying. 

Headache.    Fulness  in  head. 

■ 

80 

125 

II 

Reapirationa  24. 

■ 

80 

120 

«< 

Feels  well. 

■ 

76 

115 

1* 

■ 

80 

120 

«« 

Pupils  normal. 

^ 

80 

116 

41 

84 

116 

4t 

1 10:01 

84 

116 

** 

■   10:02 

112 

90 

Standing.    Arteries  moderately  large. 

i 

112 

85 

1 1 

Conscious  of  respiratory  move- 
menta. 

■ 

108 

90 

4 

■ 

108 

85 

< 

■ 

104 

90 

* 

^ 

108 

90 

« 

108 

100 

4 

10:09 

104 

90 

« 

11:26 

88 

105 

• 

After  walking  in  cold  air(57«  F.), 

84 

95 

« 

Peels  well. 

88 

95 

1 

1 

88 

85 

* 

'        11:29 

88 

90 

4t 

11:30 

84 

105 

Lying. 

Arteries  larger  than  when  standing. 

76 

105 

41 

11:32 

72 

105 

«i 

Respirations  20,  22. 

^■^ 

■ 

■ 

^^^452 

SEASICKNESS              ^^^^H 

^H                Time, 

Puli«-  Blend' 

Rezaiirki*                              ^^^^^^^| 

^^M                            WLTO. 

rata. 

preiB, 

H             11:33 

76 

115 

Lying.                                                               ^^H 

^^^ 

68 

115 

^^^^1 

H            11 :  37 

76 

115 

^^^^1 

H             11:38 

84 

100 

Standing*    Feels  welL                                    ^H 

84 

95 

Arteries  moderately  dilated.           V 

^^H 

84 

90 

■ 

^H 

80 

85 

^^H 

^H 

92 

80 

^^^^H 

^^v 

84 

85 

^^^H 

^H 

84 

90 

^^H 

■            U:4a 

84 

95 

^^1 

^^M 

■            12:15 

100 

85 

Feels  well.                                    ^H 

92 

85 

"            Arteries  moderately  lar^e.        ^^| 

^H 

92 

85 

^^^1 

■             12-19 

96 

85 

^^H 

■             12:20 

92 

125 

Lying.    Arteries  large.                                 ^^M 

■^ 

80 

120 

EespiratJons  24.                                ^M 

80 

115 

^^^H 

80 

110 

Arteries  smaller.                               ^^M 

76 

115 

Fulness  in  head.    Headache.          ^H 

12:'28 

80 

120 

12:29 

76 

85 

Standing.                                                         ^H 

92 

80 

^^^^H 

88 

m 

^^^1 

96 

85 

^^^H 

96 

85 

^^^1 

92 

B5 

^^^H 

12:35 

92 

86 

^^^1 

12:47 

84 

Standing  on  deck  in  cold  air.                        ^^M 

12:4S 

96 

^ , 

^^^^1 

12:49 

92 

• « 

12i50 

92 

•  • 

12:51 

80 

3:33 

72 

m 

After   standing   on  deck   until  feet   grew    1 
tired.                                                                  J 

72 

95 

Standing.                                                                ■ 

72 

90 

^M 

76 

95 

Arteries  small.                           ^M 

72 

90 

^^^^H 

84 

90 

^^^H 

80 

85 

^^^H 

3:40 

76 

9B 

^^^H 

3:41 

76 

115 

Lying.    Feels  well.    Arteries  smalL           ^^| 

72 

115 

«i                                                                                                     ^^^^H 

72 

110 

^^^H 

8:46 

68 

110 

n^^^^l 

8:47 

84 

95 

Standing.    Just  before  landing.                 ]^H 

80 

90 

^^^H 

^ 

84 

■ 

95 

i^^^l 

SEASICKNESS 
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Time,   Pulse-  Blood- 
p.m.      rmte.    preu. 


Bemarks. 


84 
3:61  76 
3:52  .. 
4:38  96 
4:39  88 
4:40  92 


4:41 
4:42 

4:47 


4:59 
9:46 


9:53 
9:54 


84 
92 
88 
84 
76 
72 
72 


4:50  68 


80 
80 
88 
84 
84 
84 
92 
84 
84 
96 
88 
68 
68 
64 
9:57  68 


90 
95 

105 
105 
115 
115 
120 
110 
105 
105 
120 
115 
115 
115^ 
110 
110 
115 
95 
95 
100 
100 
110 
100 
95 
95 
100 
105 
95 
110 
110 
115 
115 


Standinsr. 


Landed  at  Stobcross  Quay,  Glasgow. 
Standing  in  hotel  room,  Glasgow. 

Lyinsr. 
«« 

i< 

Standing. 
<< 

i< 
Lying. 


Standing.    Feels  well. 


Aiter  stroll  in  botanical  gardens. 
Arteries  moderately  contracted. 


Lying  in  bed. 


Protocol  14.— On  **  B."    July  5th,  on  shore. 


a.m. 
8:25 

60 

100 

Lying 

in  bed  after  awaking. 

64 

100 

Arteries  contracted.    Room  cool. 

64 

100 

8:28 

68 

100 

8:29 

64 

110 

After  taming  from  head  to  foot  of 
bed. 

64 

110 

68 

110 

64 

110 

64 

115 

64 

110 

8:43 

64 

110 

^H                 Time,    Puke-  Btood- 
^^^B                    flLin.       rate,    presa. 

^1               8:44     88 

105 

Standing.    Peela  well.    Arteries  contracted.    1 

^K_                     88 

110 

J 

^^K 

110 

1 

^^^P 

110 

J 

^^^                    84 

110 

^ 

^M              8:49     84 

110 

■ 

^m               9:15     84 

100 

■ 

^H                           88 

110 

After  dressing,                           ^H 

^m_             88 

110 

Arteries  contracted-                  ^H 

^^K 

100 

■ 

^^V 

105 

V 

^^^         9:22    80 

105 

^ 

^m              9:23    64 

110 

Lyinff,    Feels  welL    Arteries  contracted.      J 

^^H.                   ^ 

115 

*t                                                                 ^J 

^^B 

115 

Respiratioiifl  20.                              ^H 

^^^ 

116 

^^^1 

^^^^H 

^V               9:29     60 

115 

^^^^1 

^■^         9:30     84 

105 

Standing.    Arteries  contracted.                 ^^| 

^^M 

105 

^^^1 

^^V 

105 

^^^^1 

^^^                     80 

105 

^^^H 

^H              9:34    SO 

105 

^^^1 

^^1 

^H               6 :  55     92 

120 

'•           Before  leaving  for  train  to  catch  1 
Dublin  boat.                                   J 

^^H 

125 

M 

^^V 

125 

1 

^■^         5:58    92 

125 

^^^H 

^K             5:59    80 

125 

Lying.                                                         ^B 

^^^ 

126 

Heaptrations  24.                              ^H 

^^B 

125 

^^1 

^^^ 

125 

^^^H 

^V             6:07    72 

120 

1 

■              6:08    80 

125 

Standing.    Arteriea  moderately  dilated.          1 

^M                          88 

125 

■ 

^1              6:10    92 

120 

1 

^m 

115 

^^^1 

^M              6:12    88 

110 

^^^H 

^H                Protocol  14a.— 

On  "B,"  aboard  the  ateamahip  "Tiger**  of      1 

^m                     Duke'8 

lin©  from  QIaagow  to  Dublin,    July  5,  1909,            | 

^^P                    p.m. 

^1              7:58  108 

95 

Standing  in  cabin.  Sweating  after  exertions.   1 

^H                        108 

90 

Cabin  hot.                                         1 

^1                          104 

96 

**            Temporary  lump  in  stomach.         1 

^1                          108 

100 

I 

^B                           108 

95 

**                                                               ^^J 

H               8 :  02     . . 

Boat  starts.                                                    ^^M 

^K              S:0a  108 

95 

Standing.                                                       ^^M 

■ 

■ 

SEASICKNESS                             m       ^M 

TTiM. 

P«ljK5- Blood- 

ReniBrki.                                                       ^^^| 

p.m. 

rate. 

press. 

8:05 

108 

95 

Standing.                                                                     ^H 

8:06 

92 

120 

Lying.     Sligfht  lump-senBation  in  ston\ach.             ^^M 

84 

120 

**         Arteries  smaller  by t  stil]  lar^e.                ^^1 

84 

115 

"          Fulness  in  head.     Respirations  26.            ^^| 

84 

120 

"          SI  i£:h t  p  ain  and  nu  mbnes  s  i  n  o  cc  ipu  t          ^^| 
on  right  aide.                                             ^^H 

84 

115 

88 

115 

Boat  Jolts  and  trembles.                             ^H 

84 

115 

84 

no 

80 

105 

Jarring-  of  body  from  head  to  foot            ^^| 

SO 

106 

No  rolling-  or  pitching.                                  ^^H 

80 

105 

Arteries  large.                                             ^^H 

76 

105 

Respirations  24.                                           ^H 

80 

105 

Worrying  about  trifles.                                ^^H 

80 

105 

Deep  respirations.                                       ^^H 

84 

115 

"          Lump-aensation  in  throat.                           ^^H 

80 

110 

Respiratiot^s  24.                                             ^H 

8:32 

80 

115 

' '         Arteries  moderately  contracted.                 ^^| 

8:3a 

96 

85 

Standing.     Arteries  small.                                         ^^1 

104 

90 

Slight  lump-sensation  in  stom-          ^^| 

96 

95 

Biparietal  headache.                               ^H 

96 

90 

Sweating.                                                 ^^1 

96 

95 

"            Fulness    in    ears   and   mastoid          ^^| 
areas.                                                   ^^H 

96 

90 

92 

95 

96 

90 

100 
100 
100 

95 
90 

85 

Headache  occipital,  right  side.             ^^| 

Lightness  in  head.                                 ^^| 

100 

85 

96 

85 

Lump-sensation  marked.                      ^^| 

96 

90 

100 

85 

Pupils  slightly  dilated.                          ^H 

100 

85 

100 

85 

'*            Muscles  feel  in  fair  condition,              ^^B 

100 

86 

96 

85 

Numbness  in  occiput.                            ^^| 

96 

85 

*'            Boat  pitching  somewhat.                      ^^1 

100 

85 

"             Much  jolting  from  machinery.             ^^1 

92 

90 

96 

85 

Slight  pain  near  umbilicus.                  ^^| 

96 

85 

Occipital  numbness  and  aching          ^^H 

96 
100 

90 
90 

worse  on  right  side.                            ^^H 

100 

90 

9:05 

100 

90 

Arteries  moderately  contracted.          ^^| 

■^^^4^^^ 

■ 

July  6,  1909.                            ^1 

^^M                               Time.  Pulflia- 

Blood- 

Remarks.                        ^|H 

^^p                                  m  m     .  rmte. 

PKSB. 

■                          12:10    76 

95 

Standing.    After  walking  on  deck.         1 

■ 

05 

*  *            0  ccip  1  tal  head  ache  worse  oi 
side.                                     1 

H                                       72 

100 

M 

■                            n 

96 

^^^^H 

■                                        72 

06 

^^^^1 

■                           12:15     64 

% 

Arteries  moderately  conS 

■                           12:16     64 

120 

Lying.     Respirations  24. 

■                                         68 

125 

Arteries  moderately  contraete 

■                                         68 

125 

"          Coronal  headache. 

■                                         68 

125 

*•          Face  flushed. 

■                                           64 

125 

"         Pupils  moderately  dilated. 

■                                           60 

125 

Frontal  headache. 

■                                           68 

125 

Respirations  21.    Headache,    t 
sensation  in  stomach. 

I                            6:20    68 

110 

Lying  in  bed  after  awaking. 

■                                         63 

110 

Arteries  moderately  large. 

H                                         '^^ 

110 

Respirations  19.                      ^ 

H                                         "^ 

110 

Yawning                              ^M 

■                                         72 

116 

^^^^M 

■                                         68 

115 

■1                                                            ^^^H 

■                            6:30     68 

115 

^^^H 

■                            6:31     88 

105 

Standing.    Arteries  moderately  contn 

■                                         84 

95 

■                                          84 

95 

■                                         88 

100 

"            Arteries  moderately  contnJ 

■                                         80 

96 

■                                         ^ 

100 

■                                         88 

100 

H                                         ^ 

95 

Arteries  small.               ^M 

■                                         84 

95 

Feels  well.                       ^H 

■                           6:41     88 

95 

■                            7:00      .. 

-' 

Landed  at  the  North  Wall,  Dublin.        J 

H                          Protocol  X5a.— On  «B,"  aboard  the  ^Lady  Wolaeley^l 

H                                   BritLsh  and  Iiiiili  Steam  Backet  Couipaiiy  from  M 

H                                 to  Southampton.    July  10»  1909.                                  i 

IB                             p.m. 

■                             4:54     .. 

Boat  started.                                         ^H 

■                             4:55  104 

95 

Standing.    Arteries  large.                   ^^M 

■                                        100 

96 

■                                        ^^ 

90 

■                                       108 

90 

■^                                       104 

95 

^[                        5:03  104 

96 

Standing.                                           ^^H 

w 

■ 

■ 

SEASICKNESS                           457       ^M 

Tiinfi.  Piilie-  Blood- 
p.ra.     nte.    pma. 

Bemarki.                                                         ^H 

5:04 

92 

120 

LyinR. 

Boat  steady,  but  much  vibration          ^^M 

from  machinery.                                      ^^1 

96 

120 

•« 

^^H 

96 

115 

-* 

Arteries  large.                                              ^^M 

92 
92 
96 

115 

115 
115 

■f 

Ptipils  moderately  dilated.                         ^^M 

■ 

88 

115 

92 

105 

Lying. 

Asleep.                                                         ^H 

92 

105 

4' 

Respirations  22.                             ^H 

6:  IB 

92 

110 

4i 

^H 

5:16 

112 

95 

Standing.     Arteries  moderately  larere.                  ^H 

104 

85 

4* 

Feels  well.                                               ^m 

100 

95 

^^M 

104 

95 

^^^ 

100 

90 

^^H 

104 

95 

^^1 

5:21 

104 

90 

^^M 

6:32 

84 

95 

Statiding.     After  bein?  on  deck.                             ^^1 

88 

95 

Arteries  moderately  contracted.          ^^M 

84 

105 

^^^H 

92 

100 

Weather  calm.                                       ^H 

6:36 

92 

105 

7:16 

96 
92 
96 
92 
92 

100 
105 
106 
105 
100 

1 

7:21 

92 

106 

9:55 

96 

95 

Standing.     After  walking  on  deck.                        ^^| 

96 

95 

96 

95 

•  4 

Fresh  breeze.                                         ^H 

100 

95 

88 

95 

Boat  pitching  a  little.                           ^^B 

96 

90 

Lump-sensatJon  and  burning  in          ^^H 
stomach.                                              ^^M 

92 

95 

92 
96 
92 

90 
90 
90 

Boat  rolling  considerably.                     ^^H 

Feeling  sick  at  stomach.                        ^J 

92 

85 

88 

86 

Saliva  increased.                               ^^H 

92 

90 

92 

85 

10:15 

92 

90 

10:16 

80 

135 

Lying. 

Great  relief  to  lie  down.                       ^^^H 

80 

136 

tt 

Arteries  large.                                        ^^^B 

76 

135 

«f 

Lump-sensation  in  stomach.                        ^^M 

10:20 

80 

135 

(• 

Respirations    24.      Sleepy.      Very          ^^H 
nervo^9.                                             ^H 

B^^^^ 

■ 

■ 

SEASICKNESS            ^^^^^^^ 

I 

Protocol  16tK-;ruly  11,  1609.                    ^^^H 

■              Tfm«.  ] 

Piiliie-  Blood- 

ItpmtLrVfL 

H                iL.m, 

rata. 

presB. 

■           5:55 

BO 

136 

Lying 

in  bed.    Awoke  at  4  A.M.  after  a 

stormy  night. 

^H 

76 

130 

i« 

Boat  rolied  and  pitched  furiously. 

■ 

76 

130 

tt 

Marked  ** lump-sensation"  in  stom- 
ach as  boat  rolls. 

F 

76 

130 

t* 

Feels  dizzy  and  sick,  though  lying 
in  bed. 

72 

135 

tt 

right  side  out  with  head  toward  bow. 

76 

135 

** 

Pain  in  occiput  right  side. 

6rl5 

76 

135 

li 

6;  16 

84 

100 

Standrng.                                                             ■ 

84 

100 

41 

6:18 

88 

100 

•  < 

6:20 

92 

110 

tt 

Arteries  contracted. 

88 

105 

*4 

Ship  rolling  badly. 

88 

116 

■  « 

Marked  balancing  efforts. 

92 

105 

tt 

Lump-sensation  in  stomach. 

80 

110 

t* 

Saliva  increased. 

6:27 

80 

115 

tt 

Heaviness  in  head. 

6:28 

80 

135 

Lying. 

Lump -sensation  very  marked. 

80 

135 

1* 

Mind  dull.    Sick  headache. 

76 

135 

t* 

Saliva  much  increased. 

72 

135 

44 

Occipital  headache. 

72 

135 

l« 

Pain  in  neck. 

76 

125 

III 

Arteriea  moderately  contracted. 

6:84 

76 

130 

7:15 

•■ 

Stomach  irrigated.    Mucus  and  some  fresh       1 
blood  removed.                                                       | 

8:06 

80 

125 

Lying. 

After  test  meal. 

80 

125 

1.1 

Sick,  heavy  feeling  in  head. 

80 

125 

t4 

Dull  coronal  headache. 

80 

130 

*l 

Saliva  free. 

SO 

las 

il 

Lump-sensation  in  stomach. 

80 

135 

14 

Respirations  22. 

80 

135 

I  I 

Arteries  very  small. 

' 

80 

136 

80 

las 

<i| 

Sleepy.     Face  flushed. 

80 

135 

Occipital  headache,                                               | 

80 

135 

Lying. 

Disinclined  for  work.                                1 

80 

136 

•  1 

Irritable.    Wants  to  be  let  alone.           1 

76 

135 

J 

8:24 

80 

130 

4* 

Ship  rolling  badly.                                     ■ 

8:25 

86 

125 

Standing.     Marked  eiTorts  at  balnnclnff.            V 

92 

110 

■tt 

Nervous.    Sweating.                          ■ 

88 

115 

44 

1 

88 

115 

•• 

Feels  weak,                                         1 

•   8:29 

83 

110 

4t 

■ 

11:00 

88 

■ 

125 

tt 

Ship  rolling  badly«                              1 

■ 

■ 

■ 

SEASICKNESS                           459        "H 

Timet 

Praise-  Blood- 

R«inATkB.                                                              ^^H 

a.ixw 

rate. 

preftB. 

92 

120 

Standing.    Much  effort  at  balancing.                       ^^| 

96 

110 

II 

Arteries  contracted.                                 ^^H 

92 

110 

M 

Feels  weak  from  balancing.                    ^^| 

Xl:04 

84 

105 

■ 

p.mu 

1:50 

RS 

105 

t« 

After  dinner.    Boat  steady  now.            ^^H 

96 

103 

*i 

Arteries  moderately  contracted.            ^^| 

92 

105 

^^H 

88 

116 

a 

Whiskey  and  soda  at  dinner.                   ^^| 

80 

105 

** 

^^H 

1:55 

92 

105 

** 

^^1 

3:25 

Aloniraide  pier  at  Falinoiith.                                       ^H 

4:40 

100 

105 

Stand ingr  after  making  analyses.                              ^^| 

92 

105 

t* 

Boat  at  pier.                                              ^^M 

4:43 

92 

105 

t* 

■ 

9:43 

76 

110 

4t 

After  walking  on  deck.                               ^H 

80 

110 

«« 

Respirations  24.                                             ^H 

80 

110 

it 

Arteries  moderately  contracted.                ^H 

80 

105 

•  • 

^^H 

80 

105 

4t 

Feels  well.                                                  ^M 

9:50 

80 

110 

4« 

^^H 

9:51 

76 

125 

LyinR 

in  bed.     Boat  still  by  Falmotith  pier.           ^H 

72 

126 

Arteries  moderately  large.                          ^H 

68 

125 

^^^H 

72 

125 

Respirations  20.                                             ^^| 

68 

125 

H 

10:05 

72 

125 

Feels  well.                                                    ^H 

Protocol  15c,— July  1S3,  1909,                                      ^| 

mjfu 

7:45 

76 

125 

Lying  in  bed  after  awaking.                                     ^^M 

72 

125 

Boat  still  at  Falmouth  pier.                        ^^1 

72 

120 

Arteries  moderately  contracted*                  ^H 

72 

120 

^M 

72 

120 

Respirations  22.                                            ^^1 

72 

125 

^H 

72 

120 

8:03 

72 

120 

^^M 

8:04 

100 

105 

Standing.     Arteries  moderately  dilated.                 ^^M 

100 

110 

Feels  welL                                              ^H 

96 

105 

^^H 

96 

105 

^^H 

92 

106 

^^M 

88 

110 

^^H 

92 

106 

^^H 

9:09 

96 

105 

^^1 

9:10 

80 

140 

Lying  after  effort  of  getting  into  berth.                  ^H 

72 

■ 

135 

** 

Arteries  moderately  large.                             ^H 

r 

■ 

■ 

8EABICKNESS    ^^^^^^H 

Tlme^ 

PqIm-  Blood- 
rate*    pnm: 

Semmrka*                               ^^^^^| 

72 

125 

Lyin?.                                                          ^H 

76 

125 

*♦ 

Vi 

9:  IB 

m 

125 

4i 

Boat  started  for  Plymouth  at  drWl 

9:19 

104 

95 

Standing.     Arteries  moderately  larsre.           J 

'00 

95 

« 

Feels  well.                                      ■ 

96 

105 

* 

1 

96 

105 

ii 

1 

96 

100 

• 

1 

92 

105 

• 

1 

9:25 

96 

lOO 

• 

1 

10:49 

92 

105 

« 

Boat  moving  smoothly^           ^H 

88 

105 

4 

^M 

92 

105 

* 

Feels  well.                               ^M 

88 

105 

* 

■ 

92 

105 

' 

^ 

10:  &5 

92 

105 

• 

^ 

10:66 

72 

140 

Lyini 

5.    Arteries  moderately  contracted.       M 

1 

72 

140 

tt 

Respirations  IS,  20.                         ^H 

72 

140 

** 

Pupils  normal.                                ^^M 

76 

140 

K 

Sleepy.                                              ^M 

76 

135 

4t 

Slight  'nump-sensation. "            ^H 

76 

136 

^^M 

76 

135 

■  r 

Much  jolting  from  ma<ihinery» 

76 

135 

i                   11:11 

80 

135 

It 

Occipital  headache. 

*                    11:12 

100 

105 

Stani 

iing.    Arteries  moderately  contracted. 

m 

105 

t 

88 

106 

* 

Slight  occipital  headache. 

84 

105 

t 

88 

110 

• 

88 

105 

r 

92 

105 

■ 

88 

105 

t 

84 

105 

• 

11:21 

88 

105 

■ 

p.m. 

8:00 

,. 

., 

Arrived  at  Plymouth,    Strolled  about  town. 

6:00 

Boat  started  for  Southampton. 

7:14 

92 

lio 

Standing  after  dinner. 

96 

no 

* 

1 

100 

105 

t 

1 

7:17 

^ 

105 

• 

7:18 

76 

120 

Lyin 

g.    Arteries  moderately  large. 

88 

125 

*t 

88 

125 

iji 

Re&pirationa  20. 

88 

120 

*i 

88 

120 

Ii 

84 

120 

■  f 

7:25 

84 

■ 

120 

ti 

^^^^ 

SEASICKNESS 


461 


Time.  Pulte- 

Blood- 

Bemarka. 

p.m. 

rate. 

PNM. 

7:26 

108 

95 

Standing.     Face  flushed. 

100 

105 

Fulness  in  head. 

96 

105 

• 

96 

110 

Feels  stupid  and  hea 

100 

105 

7:31 

96 

105 

10:42 

76 

100 

After  a  bottie  of  ale. 

80 

105 

Slisrht  dizziness. 

80 

105 

80 

105 

Fulness  in  head. 

80 

105 

76 

105 

88 

105 

80 

105 

84 

100 

10:58 

80 

105 

10:59 

76 

125 

Lying 

in  bed.    Fulness  in  head. 

72 

125 

Face  flushed. 

72 

120 

76 

120 

72 

120 

11:09 

72 

120 

Slept  poorly. 

Protocol  16d.-Jul7  13,  1909. 


5:43  72 
72 
72 
76 
72 
72 
76 
5:56  72 
5:57  104 
96 
92 
88 
88 


92 
92 
96 
96 


6:10 
6:12 


88 


125 

125 

120 

125 

120 

120 

120 

120 

95 

95 

95 

95 

95 

105 

100 

110 

105 

95 

100 

95 

100 


LyinfiT   after  awaking. 

Slight  lump-sensation  in  stomach. 
Respirations  24. 


Standing.  Gliding  up'  'Southampton  Water. ' 
Arteries  contracted. 


Feels  sick  at  the  stomach. 
Sweating. 

Feels  weak. 


Landed  at  Southampton. 


MR 

■ 

■ 

^^462 

^^^1 

^H               Protocol  leo.— 

On  "  B,"  aboard  the  '*  Somtli western »»  from       ] 

■ 

SQuthamptOJi  to  Cherbourg.    July  18|  1909.              ^^1 

^H                   Ttme, 

Pu]b«-  BlcMxl- 
rata,    presa. 

Remarks. 

■             11:60 

96 

110 

Standing.     After  walking:  from  the  Hippo- 
drome, i.e.,  about  £  of  a  mile* 

^H 

92 

110 

■  r 

^K 

88 

120 

Cabin  stuffy. 

■  . 

88 

115 

Arteries  moderately  contracted. 

■ 

92 

105 

*• 

92 

106 

4t 

96 

105 

tt 

July  14, 1900.                                          ^1 

88 

105 

Standing.                                                           ^H 

92 

110 

^^^^1 

a.m. 

12:01 

88 

105 

^^H 

12:02 

76 

125 

Lying,     Respirations  24.                               ^H 

76 

126 

Twitching-  of  long  flexors  in  rig-lir  ^ 

76 

130 

1 

76 

130 

fl 

12:06 

76 

130 

■ 

12:11 

76 

130 

^^^^H 

12:12 

96 

110 

Standing.     Arteries  small.                            ^^| 

92 

115 

FeelB  well.                                   ^H 

92 

115 

^^^H 

88 

110 

^^^1 

92 

105 

^^^^1 

12:20 

88 

105 

^^^^1 

12:24 

Boat  started.                                                         1 

1:37 

92 

95 

Standing.    Arteries  moderately  dilated.          ■ 

88 

105 

Feela  welL                                 ^H 

88 

105 

"                                                            l^^^l 

88 

105 

^^^H 

88 

105 

^^^H 

1:43 

88 

105 

^^^^H 

1:44 

76 

125 

Lying  in  bed.                                                  ^^| 

76 

130 

Arteries  moderately  contracted.       ^^| 

72 

125 

"      Feels  well,                                          ^H 

72 

126 

68 

125 

1:51 

72 

125 

6:33 

76 

125 

Lying,  after  awaking.                                     ^\ 

76 

125 

Boat  rolling  and  pitching.                         1 

76 

120 

"      Awoke  with  lump-sensation  in  atom-    1 

ach.                                                       1 

1 

80 

■ 

120 

■ 

■ 

SEASICKNESS                            ^8       ^M 

PtiUe-  Blood' 
nta.    pretH. 

Retnaxkt,                                                    ^^H 

' 

76 

120 

Lying.    Saliva  free.                                             '^^^I 

80 

120 

80 

120 

1           6:50 

80 

120 

Feels  nervous.                                                  ^^M 

6:51 

80 

115 

Standing.    Some  balancing  e^orts.                        ^^H 

92 

120 

Marked  lump-sensation.                      ^^M 

96 

115 

96 

110 

Feels  weak.                                           ^H 

96 

120 

^^^H 

96 

110 

Saliva  increased.                                   ^^| 

92 

105 

^^^^H 

96 

116 

96 

105 

Sweating.                                               ^H 

92 

110 

92 

105 

Arteries  much  contracted,                    ^^M 

92 

110 

92 

110 

7:20 

,. 

,. 

Landed  at  Cherbourg.                                               ^^M 

Protocol  16b. 

—On  ''B,"  Aboard  a  train.    Jnly,  1000.                   ^H 

a*tti. 

9:22 

92 

125 

Sitting  in  train  before  starting.                              ^^| 

96 

126 

^^^H 

9:25 

88 

125 

^^^^H 

9:26 

SS 

120 

**       On  movinsr  train.                                           ^^H 

1 

88 

95 

^^^1 

92 

120 

^^^H 

9:29 

88 

110 

^^^^H 

9:30 

88 

115 

At  a  stop.                                                    ^H 

9:31 

88 

105 

On  rapidly  moving  train.                            ^H 

9:32 

88 

105 

^^^H 

9:33 

88 

115 

"       At  a  atop.    Arteries  very  small.               ^^M 

88 

120 

^^^H 

1          9:35 

88 

120 

9:36 

88 

115 

At  a  stop.                                                  ^H 

84 

120 

^^^1 

80 

120 

9:40 

80 

120 

^^^H 

9:41 

SO 

125 

Lying.    At  a  stop.                                                   ^^M 

9:42 

68 

125 

Protocol  17.— On 

»B»  alter  drosaing  ashore*   July  10,  1000          ^| 

a.m. 

6:07 

84 

105 

Standing  after  dressing  ashore.                               ^^H 

80 

105 

Feels  welL                                                  ^M 

80 

105 

Arteries  small.                                           ^^M 

6:12 

80 

105 

^^^H 

6:13 

68 

■ 

125 

Lying.    Arteries  larger.                                        ^H 

^^^4&4 

■ 

■ 

SEASICKNES^^^^^^^^H 

^B                 Time. 

PoJte^  Blood- 

P»M>ir«                                                  ^^^^^1 

^^B                            HJIL 

nte. 

pnu. 

68 

125 

Lyii^.                                                       ^^1 

68 

125 

^^^^H 

H 

64 

125 

1                                                                            ^^^^H 

H 

76 

115 

Standing.                                                   ^H 

80 

115 

■  «                                                                              ^^^H 

80 

120 

^^^^1 

^B                6:20 

84 

115 

jvij  20,  i&oe.                           ^M 

H 

.. 

■ » 

Cup  of  tea.                                                ^H 

H                7:90 

84 

105 

StandiDK  after  dressitisr  ashore,                   ^H 

88 

115 

Arteries  contracted.                 ^^1 

88 

130 

^^^^1 

88 

130 

^^^1 

88 

130 

^^^^H 

f  7:41 

88 

130 

'*                                                                            1 

7:42 

80 

135 

Lying.     Arteries  larger  than  when  standing* 

72 

140 

"                                                                       1 

72 

136 

*t                                                                      ] 

7:45 

72 

140 

M 

7:46 

88 

125 

Standing.    Arteries  contracted.                       J 

88 

130 

^^^H 

88 

125 

^^^H 

7:49 

SS 

125 

^^^H 

7:50 

Boarded   steamBhlp  Cmm  bound  for  Gorey, 
Island  of  Jersey,   Channel  Islands,  from 

1 

Carters t>  Manche. 

1                    8:15 

,, 

.. 

Boat  started. 

8:16 

•  • 

'■ 

Ewald  breakfast    Absorption  test  reacted 
in  15  minutes.    Motility  test  reacted  in  1 

hour  20  minutes. 

8:24 

83 

130 

Sitting.     On  deck  in  hot  sun. 

88 

126 

Boat  rolling  and  pitching.            ^ 

88 

130 

"          Lump-sensation  in  stomach.        ^^M 

84 

120 

8:32 

88 

135 

"          Arteries  contracted,                     ^H 

8:33 

92 

135 

In  the  sun.                                    ^M 

84 

135 

"           Much  balancing  effort                  ^H 

84 

135 

Ship  rolling  and  pitching.            ^^1 

84 

135 

"          Feeis  well  in  spite  of  heat         ^^B 

8:41 

96 

135 

"          Strong  odour  from  cook's  galley.     1 

8:42 

96 

140 

"           On  deck  as  before.                                1 

88 

130 

"          Arteries  moderately  contracted.        1 

88 
88 
84 

130 

130 
130 

"          Slight  lump-sensation  in  stomach.  J 

•'          Eructations.                                 J 

9:00 

83 

130 

9:06 

84 

130 

On  deck  in  sun.                       .^^^^H 

80 

135 

Slight  headache.                  ^^H 

■ 

■ 

SEASICKNESS                           465           1 

Time. 

Pulse-  BiMd' 

Reourki.                                              ^^| 

m.m. 

nt& 

prew. 

80 

140 

Sitting.    Otherwise  feels  welL                            ^H 

1 

83 

140 

9:10 

84 

140 

9:38 

84 

135 

On  deck.                                              ^H 

1 

92 

135 

Arteries  mcMJeratelr  contracted.         ^H 

96 

120 

96 

120 

92 

125 

9:43 

92 

120 

9:45 

" 

" 

Landed  at  Gorey.                                               ^^M 

Protocol  18— On  ''B,''  aboard  the  hBhing  smack  "  auatre          ^| 

WtwmJ*    July  22,  190@.                                        ^H 

8:^53 

Boat  started,  a  fresh  breeze  filling  her  saila.       ^H 

8:54 

76 

120 

Lyin^  in  cabin.    Feels  aick.    Arteries  amalU        ^H 
Odour  horribJe.                                             ^H 

9:00 

80 

125 

"      Boat  pitching  badJy.    Sweatingr.               ^M 

80 

116 

**      Rapidly  getting  sicker.                               ^^1 

9:22 

76 

105 

"'      Arteries  not  so  snaall  now,                              V 

76 

106 

"      Sweating:,     Lump-gensation.     Saliva            M 
free.                                                          ^H 

76 

115 

"      Lunsp  in  throat    Wretched  all  over.        ^H 

72 

115 

"      Bathed  in  cold  sweat.                                   ^^ 

72 

125 

"      Marked  lurap-sensation  in  stomach,                 1 

72 

125 

'*      On  verge  of  vomiting.    Pain  in  epi-       ^J 

gastrium.                                                    ^H 

1 

72 

115 

Feels  better  now.                                         ^H 

72 

lis 

"      Arteries  small.     Face  pate.                        ^^1 

72 

90 

"      On  verge  of  vomiting  again,                       ^^1 

1 

76 

115 

"      FeelB  better.    Sweating.                              '^M 

9:59 

72 

116 

1            10:18 

72 

120 

"      Arteries    small.      Feels    thoroughly             1 
wretched,                                                        1 

12:00 

•  • 

" 

The  rough  weather  compelled  the  crew  to  put             1 
back  into  the  harbour.    Put  ashore.                        1 

pjn. 

12:24 

80 

130 

Sitting  after  leaving  boat.                                    ^^1 

84 

120 

Arteries  contracted.                                 ^H 

i 

84 

120 

^^^H 

1 

80 

115 

^^^H 

76 

115 

^^^^1 

12:27 

84 

120 

^^^H 

12:28 

76 
80 
76 

130 
135 
135 

Lying.    Arteries  moderately  contracted.           ^H 

1 

^^^H 

72 

136 

^^^H 

1 

76 

136 

^^^H 

1            12:33 

76 

■ 

135 

^^H 

^^466 

■ 

■ 

SEASICKNES^^^^^^^^^B 

^^M              Tlmev 

Puliie-  Bloodp 

RemarkB.                                                ^^^H 

^^H 

r»te. 

pwm. 

^1           4:55 

02 

125 

Standing.    Muscles  of  forearm  twitching:. 

02 

120 

"            Arteries  moderately  larg-e. 

^^H 

96 

120 

"            Feels  nervous  and  irritable. 

^^1 

92 

120 

*'            Lump-senaation  still  in  stomach. 

^^H 

96 

120 

If 

^M           5:02 

92 

120 

•  1 

^1 

76 

125 

Lying.     Size  of  arteriea  varies  slightly  from 
time  to  time. 

^^ft 

68 

135 

**         Pupils  norma).                                      ^_ 

^^B 

72 

130 

No  special  fulnesB  in  head.                ^^H 

^^^V 

68 

130 

^1 

^^V 

76 

125 

H 

^l            5:11 

72 

130 

V 

^H 

92 

105 

standing*    Arteries  moderately  contracted        1 
at  times,  and  at  other  times        1 
small.                                                 J 

^^1 

96 

105 

Standing.                                                                    1 

^^^1 

92 

135 

M 

^H 

92 
92 
92 

135 
130 
120 

"            Lump-s€Qsation  still  in  atomaclu^H 

^H 

fl 

^^H 

92 

135 

^M 

^^m 

92 

125 

H           6:20 

88 

130 

1 

The  subject  suffered  the  whole   afternoon       1 

from  the  effects  of  the  sea  trip.                         J 

^B              Protocol  10.— 

On  **  B,"  aboard  tli©  "  Southwestern,"  from           | 

" 

Olierbourg  to  Southampton.    July  23^  1009.                 ^J 

P.IIL 

11:25 

80 

120 

Standing  in  cabin.                                             ^^M 

80 

130 

**        Arteries  moderately  contracted.         V 

80 

126 

■ 

11:90 

80 

125 

^^fl 

11:31 

72 

136 

Lying.    Arteries  moderately  large.               ^H 

68 

140 

^^^H 

68 

135 

^^^H 

11:36 

65 

135 

^^^^H 

11:37 

76 

130 

Standiog.    Arteries  contracted.                    ^^M 

80 

120 

^^^^1 

80 

115 

11:40 

84 

115 

^^^1 

11:47 

Strychnin  nitrate,  gr  1/40.                             ^^ 

•  • 

•  • 

Atropin  sulphate,  gr  1/75,   both    hypoder-      J 

mically.                                                         ^^M 

July  34, 1909.                                         ^H 

12:04 

.. 

■  • 

Boat  started.                                                        1 

1:43 

76 

■ 

125 

Lying.    Arteries  moderately  contracted.            I 

^ 

SEASICKNESS                            467     ^H 

lime, 
a.m. 

Pulw-    Blood- 
rate,     preu. 

B»>.k.                                                 ■ 

80      135 

Lyin^.                                                                      ^H 

72      130 

^^^^1 

1:46 

1 

80      135 

Following  an  Ewatd  meal  siren  at  12 :  34         ^^M 
A,M.,   the   absorption  test  reacted    in   11          ^H 
minutes.    The  motility  test  did  not  react         ^H 
within  the  hour.                                                     ^H 

The  blood-pressures  could  not  be  taken  with         ^H 
the  subject  standing  on  account  of  the  ex-         ^^M 
cessive  incessant  pitching  and  tossing  of         ^^M 
the  boat.                                                               ^^M 

1            7:49 

1 
1 

76      135 

Standing  as  boat  approaches  pier  at  South-         ^H 
amp  ton.                                                                     ^H 

July  26,  l@Oa                                                 ^M 

7:50 

84      120 

Standing.     After  good  night's  rest  In  cool        ^^M 
room.                                                   ^^^1 

88      125 

'            Arteries  moderately  contracted.          ,^^1 

84      125 

^H 

84      125 

88      125 

^^^^1 

88      125 

^^^^1 

84      120 

^^^^^1 

84      120 

^^^H 

84      125 

^^H 

84      125 

^^H 

8:11 

84      120 

^^^1 

8:12 

72      135 
76      130 
76      130 
72      125 
72      130 

T  —  J 

8:18 

72      130 

^H 

8:19 

80      130 

Standing.    Arteries  much  contracted.             ^^^H 

84      130 

^™ 

84      125 

H 

8:23 

84      130 

■ 

In  an  Ewald  breakfast  given   at  7:18a.m.,  the  ab-         ^H 

sorption  test  reacted  in  21  minutes.    The  motility  test         ^^ 

did  not  react  within  the  hour.                                                            ■ 

Protocol  20.— On 

<«B,*'  aboard  the  "Teutonic''  from  South-          ^^| 

amptoQ  to  l^ew  Tork,    First  day  out,    July  28,  1909.              ^H 

^m. 

11:52 

88      110 
88      105 

Standing  in  cabin.                                                    ^^M 

^ 

92      110 

^^^^1 

^^^^^^ 

■ 

■ 

^^^^TCKNES^^^^^^^^^B 

^^m                Tlme^ 

Pulift.  Blood- 

Bfiniarka,                                        ^^H 

^^m 

rate. 

pre«. 

^H 

92 

110 

Standing  in  cabin,                                          ^H 

^^B 

88 

115 

^^^^1 

^H 

96 

120 

^^^H 

^^B 

88 

110 

^^^H 

^^^H 

^1            12:04 

8S 

110 

^^^^1 

^1            12:06 

80 

136 

LyiniT.    Arteries  moderately  large.              ^^| 

^^H 

80 

130 

^^^^H 

^H 

76 

125 

^^^H 

^^1 

76 

125 

^^^^H 

^H 

76 

125 

^^^^H 

■           12:13 

80 

120 

ii 

^1           12:14 

100 

120 

Standing.    Arteries  moderately  contracted. 

^^H 

92 

115 

<i 

^H 

92 

110 

«• 

V            12 

88 

105 

Boat  sailed  from  Southampton 
at  12: 15  P.M. 

H             5:05 

80 

140 

Standing,    Arteries  small. 

^^K 

88 

135 

if 

^f 

84 

135 

H 

^^ 

84 

135 

^^^fl 

76 

135 

^^^^1 

80 

136 

^^^^1 

84 

130 

^^^1 

5:17 

84 

136 

^^^^H 

6:18 

63 

145 

Lying.    Arteries  moderately  contracted,           1 

72 

140 

"         Fulnesa  in  ears,                                         m 

72 

145 

^^M 

68 

145 

^^^^H 

68 

140 

^^^^1 

6:25 

68 

146 

^^^^1 

5:26 

76 

135 

Standing.    Arteries  contracted,                     ^^M 

80 

130 

Room  cool.                                    ^^1 

SO 

135 

^^^H 

76 

130 

^^^H 

80 

135 

•f                                                               ^^^H 

5:31 

80 

130 

^^^1 

7:12 

84 

150 

After  dinner.                              ^H 

80 

146 

^^^H 

84 

135 

^^^H 

88 

130 

^^^H 

84 

140 

^^^H 

84 

120 

^^^1 

88 

126 

^^^H 

7:26 

84 

115 

^^^^1 

7:27 

72 

140 

Lying.    Arteries  moderately  large.               ^^| 

72 

140 

Slight  fulness  in  head.                      ^M 

72 

140 

Feels  well.                                      _^H 

68 

140 

^^^^^^^^^1 

^ 

72 

■ 

140 

^^^^^^^M 

^ 

■ 

■ 

SEASICKNESS                            469^H 

Time, 

Pulie-  Blood- 

Bemvks*                                                    ^^^^| 

p.ni. 

rate. 

preu. 

80 

135 

Lyin^.                                                                   ^H 

76 

140 

^^^^1 

7:36 

80 

136 

^^^H 

7:37 

92 

115 

Standing.    Some  balancing  efforts.                       ^^M 

84 

120 

"            Arteries    variable.      At    times               1 
Bmali,    at    others  moderately              J 
large.                                                 ^^M 

U 

ISO 

84 

105 

84 

125 

84 

120 

84 

115 

84 

no 

^^^^1 

88 

115 

88 

130 

84 

110 

7:55 

84 

110 

Feels  well.                                           ^H 

11:56 

80 

120 

"           Arteries  moderately  contracted.        ^^M 

SO 

125 

76 

120 

•.m. 

12:01 

80 

120 

««                                                                                   ^^^H 

12:02 

72 

130 

LyinR  in  bed.    Arteries  slightly  larger.               ^H 

68 

130 

^^^^1 

68 

130 

^^™ 

12:05 

72 

130 

••      Feels  welL    Boat  moved  steadily  so             1 
far.    Weather  fair,                                 ^J 

^TQtQtdi  21.— On 

"  B,""  aboard  Teutonic."    S&cond  day  out       ^M 

July  29,  1909.                                                ^M 

7:48 

68 

120 

Lying  in  bed  after  awaking.                                   ^^M 

76 

125 

Slept  fairly  well.                                             ^H 

68 

125 

Arteries  moderately  Urge.                         ^^M 

68 

115 

^^^^1 

72 

120 

^^^H 

8:04 

72 

120 

f    ^^M 

8:05 

88 

120 

Standing*    Arteries  moderately  small.                 ^^M 

80 

115 

**           Ship  moving  steadily.                           ^^M 

88 

115 

n                                                                                                           ^^^H 

88 

120 

^^^H 

84 

115 

1 

84 

110 

**            After     lying    some    hours    in          ^J 
Queenstown  harbour  the  boat  started  for         ^M 
New  York  at  1 :  10  p.m.                                         ^M 

p.nu 

1:33 

76 

110 

Standing.    Arteries  contracted.                            ^^| 

72 

■ 

115 

Cabin  cold.                                          ^M 

SEASICKNESS 


TItne. 

PulM^  Blood^ 

pm. 

nte. 

pre«g 

80 

110 

1:36 

80 

110 

1:36 

m 

115 

63 

120 

72 

120 

68 

116 

1:43 

80 

110 

1:44 

76 

110 

76 

105 

76 

110 

72 

115 

72 

115 

1:B1 

80 

115 

6:&3 

84 

115 

84 

110 

88 

110 

6:59 

84 

105 

7:00 

72 

130 

72 

130 

72 

130 

72 

130 

7:06 

68 

130 

7:07 

88 

no 

88 

100 

84 

100 

84 

100 

7:12 

84 

105 

10:06 

72 

105 

76 

110 

76 

110 

76 

110 

76 

105 

10:12 

76 

105 

10:13 

68 

120 

68 

120 

68 

120 

€8 

120 

64 

120 

68 

115 

10:19 

68 

115 

Remarka. 
Standing.    Does  not  feel  bo  well. 

Lyinff.    Arteries  considerably  contracted. 
"         Feels  chilly  and  not  so  well. 


Standing:.    Arteries  vary  from   moderately 
fimall  to  moderately  large. 


Arteries  vary,  being  in  general 
moderately  large. 


Lying.    Arteries  moderately  large. 


Standing.    Arteries  vary  considerably. 


Ship  pitching. 
Arteries  vary. 
Arteries  small. 


Lying  in  bed.    Arteries  moderately  lar^^ 


Protocol  22.— On  "  B,"  aboard  "  Teutonic."    Third  day  out. 
July  30,  1900. 

7 :  15     72      115      Lying  in  bed  after  awaking. 

72      115         "      Arteries  moderately  contracted. 
72      U5 


^ 

■ 

■ 

SEASICKN^^^^^^^47^^^H 

Time, 

Fulac''  Btood- 

BemofkL                                                        ^^1 

1             ^^ 

rate. 

preBs. 

±cemafKi.                                                        ^_ 

1 

72 

115 

Lying. 

72 

11& 

ii 

^^^1 

7:23 

72 

115 

i* 

^^1 

7:24 

76 

115 

Standing:.     Some  balancini?  efforts.    Rough          ^H 

weather.                                                 ^^M 

S4 

115 

■  f 

Ship  rolling  and  pitching  much.            ^^1 

76 

125 

4* 

^^H 

84 

120 

«l 

^^^ 

84 

115 

1  I 

Condition  of  arteries  variable.             ^^| 

7:29 

84 

115 

<i 

^^^M 

8:10 

80 
80 

115 

110 

•  • 

4( 

Arteries  variable.                                    ^^M 

88 

115 

■  4 

Feels  welL                                              ^H 

1 

SS 

115 

«l 

^^^1 

88 

110 

If 

^^1 

8:15 

88 

115 

«i 

^^H 

1           p.111. 

^^^H 

3:30 

84 

125 

tt 

Balancing  efforts.                                   ^^M 

84 

115 

•  1 

Ship  pit^^hing  and  rolling  badJy.           ^^1 

1 

84 

no 

<« 

Arteries  somewhat  contracted.             ^^M 

3:36 

88 

120 

^^H 

3:37 

72 

130 

Lying- 

Arteries  large.                                              ^^H 

68 

125 

<< 

Arterial  wall  quickly  recedes  from          ^^M 

finger.                                                           ^^H 

68 

130 

i< 

^^^1 

3:42 

72 

130 

(i 

^^1 

3:43 

30 

115 

Standing.    Arteries  moderately  contracted.           ^^H 

84 

110 

!• 

Some  balancing  efforts.                           ^H 

84 

110 

(1 

Ship  rolling  and  pitching*                      ^^M 

84 

105 

3:47 

88 

110 

4  1 

Cabin  warm.                                           ^^M 

5:00 

72 

130 

(1 

Much  balancing.                                      ^^1 

80 

120 

«l 

Very  rough  aeas.                                     ^^1 

76 

130 

14 

76 

130 

«• 

5:05 

76 

130 

II 

Arteries  moderately  contracted.           ^^H 

9:64 

72 

72 
72 
72 
72 

120 

115 
115 
115 
115 

it 

«l 

*t 
il 

Arteries  vary  slightly  from  time          ^^H 
to  time,                                               ^^1 

10:02 

72 

115 

il 

10:03 

64 

115 

Lying 

in  bed.    Arteries  moderately  large.             ^^M 

64 

115 

*  i 

Fulness  in  ears.                                                  ^^1 

60 

115 

il 

Face  flushed.                                                     ^^^1 

64 

110 

44 

64 

120 

•  » 

64 

110 

It 

64 

■ 

120 

•  t 

■ 

■ 

m 

WK^^^^^^M 

^^472 

SEASICKNESS                                        ■ 

Time; 

pQtM-  BhMd< 

RenurkB.                                                       1 

p.m. 

rate. 

prfMB. 

64 

115 

Lying*. 

Ready  to  drop  into  sleep,                          1 

10:15 

68 

115 

** 

1 

Protocol  33.— On 

''B,''  aboard  "Teutonic."    Fourth  day  out         1 

July  31,  190&.                                                  1 

ft.nL 

■ 

7:19 

63 

120 

Lying' 

in  bed  after  awaking.                                     ■ 

68 

120 

i« 

Slight  occipital  headache  the  result        ■ 
of  studying  future  plans.                           ■ 

68 

120 

M4 

1 

68 

120 

«4 

I 

7:26 

68 

115 

Standing-.    Cabin  warm.                                            ■ 

m 

110 

Arteries  variable. 

92 

106 

Sweating. 

88 

105 

92 

105 

Ship  steadier. 

7:34 

92 

105 

11:42 

88 

105 

76 

115 

Arteries  vary  within  moderate 
limits. 

80 

115 

76 

115 

Feela  welL 

76 

110 

76 

115 

Occaaiotially  slight  lump-sensa- 
tion  in  stomach. 

72 

115 

72 

120 

♦ 

72 

115 

n:&3 

76 

1^ 

p,m. 

5:14 

76 

125 

Lying 

in  bed  after  sleeping. 

72 

125 

41 

Arteries  moderately  contracted  though 

72 
72 

125 
125 

t* 

slightly  variable. 

it 

72 

130 

It 

72 

125 

ri 

5:24 

68 

126 

tt 

5:25 

100 

115 

Standing.    Arteries  variable.                                   ■ 

92 

115 

■< 

96 

110 

<t 

92 

110 

ii 

68 

115 

li 

Cabin  warm. 

88 

im 

it 

Ship  very  steady. 

88 

110 

5:B5 

88 

106 

10:42 

72 

115 

" 

Arteries  variable,  but  in  genermi 
moderately  larire. 

L 

76 

115 

■• 

^^^ 

■ 

■ 

SEASICKNESS                             478^^^B 

Tinier 

rate,    ft^euu 

BflUttko*                                                  ^H 

96 

105 

Standing.                                                                      ^^| 

92 

110 

^^^1 

gs 

115 

Ship  steady.                                            ^H 

84 

115 

^M 

76 

110 

Port-holes  open.                                     ^^M 

76 

110 

H 

80 

no 

10:64 

76 

no 

^^1 

10;65 

64 

64 
64 
64 
64 

120 

120 
120 

130 

120 

Lyfng 

tn  bed.     Arteriea  moderately  con-           ^^| 
tracted.                                                       ^M 

11:02 

64 

120 

1 

Protocol  24.-0n  "  B  »  aboard  "  Teutonic.'^    Fifth  1U7  out.              ^| 

August  1,  1900,                                                   ^g 

ftjn. 

7:82 

64 

11& 

Lyimr  in  bed  after  awakmir-                                   ^^1 

68 

120 

«i 

^^^M 

68 

12s 

■i 

^^H 

72 

125 

i« 

^^H 

68 

125 

tt 

^^^M 

7-42 

68 

120 

<« 

^^H 

7:43 

88 

100 

StandiniT'    Feela  welL                                              ^H 

m 

105 

f« 

Cabin  oppressively  hot.                         ^H 

92 

100 

if 

SweatiQff.                                               ^^M 

92 

105 

■J 

92 

100 

■t 

7:50 

92 

100 

i< 

8:30 

92 

100 

■  ■ 

After  dressing*  ^                                   ^H 

92 

105 

4« 

No  lump-sengation.                                  ^^H 

88 

100 

it 

92 

100 

" 

Ship  steady.                                              ^H 

1 

92 

100 

*i 

Arteries  large,                                          ^^M 

92 

100 

t« 

96 

100 

i« 

Weather  very  warm.                             ^H 

8:39 

96 

100 

ii 

pjn. 

1:30 

84 

100 

■  4 

Arteries  variable,                                   ^^| 

96 

100 

■  « 

BloodopresBure   at  times    lower           ^^B 
than  recorded.                                      ^^H 

92 

100 

■  < 

1 

88 

105 

<f 

88 

100 

•  * 

1:38 

92 

100 

11 

1:3» 

68 

■ 

135 

Lyfnff. 

Arteries  large*                                              ^^M 

Tlmi; 

Palie>  Bloo^ 

P_j-La 

PJB. 

»te. 

pnm. 

tUBOBlEi* 

72 

135 

Lying. 

68 

1^ 

•« 

1:43 

68 

145 

i« 

1:44 

88 
88 
88 

105 
105 

no 

Standing. 

Arteries  vary  moderatelF. 

1:47 

88 

105 

4:04 

72 
76 

76 

120 
120 
120 

After  being  on  deck  in  oool  air. 

4:08 

76 

115 

4:09 

64 
64 
68 

125 
125 
125 

Lying.    Arteries  moderately  lar^e. 

f  i 

4:15 

64 

120 

t* 

4:16 

72 
80 
72 

115 
115 
115 

Standing. 

Arteries  vary  aligbtly. 

4:20 

76 

115 

9:15 

88 
84 

100 
105 

In  hot  cabin. 

84 

105 

ArterieB  variable  bat  for  the 
moat  part  dilated. 

84 

110 

84 

110 

84 

110 

84 

105 

0:23 

84 

100 

9:24 

68 
68 

125 
125 

Lying  in  bed»    Arteries  moderately  lar^e. 

68 

125 

■■ 

9:29 

68 

125 

tt 

Protocol  25.— On  "  B,"  aboard  "  Teutonic"    Sixth  day  out. 
August  2,  1909. 


7:83 

64 

115 

68 

115 

72 

120 

68 

115 

68 

115 

7:40 

68 

115 

7:41 

96 

100 

96 

105 

92 

105 

92 

100 

Lying  in  bed  after  awaking. 
**      Had  a  fair  night,  but  the  cabin  was 
fearfully  hot. 


"      Weather  very  warm. 

Standing,    Arteries  variable,  but  in  general 
moderately  large. 


■ 

■ 

SEASICKKESS              ^^47^^^H 

Timev 

Pylfi©-  Blood- 

BemBrki.                                                  ^^^| 

ft.m. 

rate. 

preaa. 

84 

100 

Standing.    Sweating-                                               ^^| 

92 

100 

^^^B 

88 

100 

"  Temperature  of  air  in  cabin,  ^^| 
90°  F.                                                  ^B 

7:49 

92 

100 

^^^H 

11:36 

72 

120 

In  cool  cabin.    Port-hole  open.              ^H 

64 

130 

Feels  well.                                              ^M 

64 

1?<5 

^^H 

68 

126 

^^^^H 

63 

130 

^^1 

11:43 

64 

130 

^^1 

11:44 

72 

120 

Lying.    Arteriea  moderately  largre.                         ^H 

64 

125 

^^^^1 

L 

64 

125 

^^^H 

1 

64 

125 

^^^^1 

60 

120 

^^^^H 

11:52 

60 

120 

Standing.    Arteries  moderately  small.                    ^^| 

76 

120 

^^^^H 

72 

120 

^^^H 

72 

125 

^^^H 

72 

120 

^^^1 

11:58 

72 

125 

^^^H 

p.  HI. 

1:05 

56 

130 

Lyinf  after  sleeping.                                             ^^M 

60 

125 

64 

125 

"  ,  Arteriea  moderately  contracted.                   ^^M 

64 

125 

64 

125 

1:11 

60 

15^ 

1:12 

72 

130 

Standing*  Arteries  vary,  but  in  general  ^^M 
are  contracted.                                    ^^| 

72 

130 

^^^^H 

68 

125 

^^^H 

72 

130 

^^^^1 

68 

130 

^^^^1 

1:17 

68 

135 

^^1 

9:38 

72 

110 

Arteriea  moderately  large.                  ^^| 

72 

115 

^^^^1 

72 

115 

"  Temperature  of  air  in  cabin,  ^^M 
68°  R                                                  ^M 

76 

115 

^^^H 

72 

115 

^^^H 

9:45 

76 

115 

^^^^H 

9:46 

68 
68 
64 

120 
125 

125 

Lying  in  bed.    Arteries  moderately  large.             ^^M 

64 

125 

64 

125 

64 

120 

9:53 

60 

■ 

120 

^^^^H 

F 

470 

■ 

SEA^CK^S^^^^^^^] 

1 

Protocol  26,— On 

'*  B,"  aboard  "  Teutonic."    Soventli  day  oatj 

■ 

Aug^t  3,  1608, 

1 

TtiM,   PulBe-  Blood- 
A.EI1.      rate.    preu. 

ftemirka. 

■ 

7:37     64 

125 

Lying  in  bed  after  awaking'. 

1 

64 

125 

Slight  headache  from    thinking  ovef 

future  plans. 

64 

125 

»i 

■ 

68 

126 

■1 

■ 

64 

120 

*i 

7:46     64 

120 

■1 

■•' 

7:47    80 

110 

Standing,    Arteries  variable. 

P 

84 

110 

•'            Temperature    of    air   in   cabiiL, 

74**  R 

84 

110 

80 

100 

80 

100 

80 

100 

80 

110 

• 

84 

115 

SS 

115 

7:56    88 

115 

P.KU 

6:40    84 

110 

"           ArterieB  van  able. 

80 

115 

"           Sweating. 

80 

115 

"           Temperature  of   air  in    cabiiL 
81"  F. 

6:43    80 

110 

Cabin  stuffy. 

5:44     68 

ISO 

Lying.    Arteries  moderately  large. 

68 

135 

Tired  after  walking  on  deck. 

64 

130 

** 

5:47    64 

125 

f  ■ 

6:48    76 

115 

Standing.    Arteries  variable. 

80 

115 

84 

110 

6:52    80 

110 

- 

11:36    72 

19 

120 
1^ 

'*           Arteries  moderately  contracted. 

72 

115 

11:40    72 

115 

11:41     64 

120 

Lying  in  bed.     Arteries  moderately  coin 
tracted. 

64 

64 

11:45     64 

125 
125 
136 

"      Delightful  cool  night                           , 

•■                 1 

August  4,  ieO0.    Eighth  d*y  out  on  "reutoiiic»»           ] 

1 

LBS. 

7:52    64 

115 

Lying  in  bed  after  awaking.                        ■ 

L 

68 

120 

*'     Arteries  moderately  contracted     ^ 
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"^     ™lrfl2j"  Eamirkt. 

a.in.       rate,  press. 

68  120     Lying.    Temperature  of  air  in  cabin,  69®  F. 

7:56    72  120 

7 :  57    92  105     Standing.    Arteries  moderately  contracted. 

84  110 

88  115 

8:01    84  115 


August  6, 1909.    Boat  lying  in  New  York  Harbour. 
Lying  in  bed  after  awaking. 


Standing  in  stuffy  cabin. 

**        Temperature  in  cabin,  71**  F. 
<< 

"        Arteries  moderately  contracted. 
Landed  in  New  York. 


a.in. 

5:41 

68 

120 

68 

120 

68 

120 

5:46 

68 

120 

5:47 

88 

115 

88 

115 

88 

115 

5:50 

88 

115 

8:00 

, , 

HISTORY  AND   LITERATURE   OF  SEASICKNESS 

Judging  from  the  extent  of  its  literature,  seasickness 
hEts  been  a  much  discussed  question  in  the  past.  All  sorts 
of  theories  have  been  adduced  to  explain  the  causation  of 
its  phenomena.  Many  of  the  articles  written  by  the  older 
men  contain  ingenious  theories  backed  with  numerous 
clinical  facta  and  sustained  by  vigorous  argument, 

Hippocrates  alludes  to  the  perturbations  of  the  body 
caused  by  navigation.  Cicero  was  a  victim  and  it  was 
even  said  of  him  that  sooner  than  endure  the  seasickness 
he  suffered  on  the  vessel  in  which  he  had  taken  refuge 
from  Mark  Antony  he  gave  himself  up  to  his  executioners. 

Pliny  ^^*  has  a  good  word  for  some  drink  as  a  remedy : 
**  Nauseam  maris  arcet  in  navigationibus  potum." 

Cato  22*  the  Elder,  said  that  one  of  the  greatest  regrets 
of  his  life  was  that  he  had  made  a  journey  by  sea  that 
he  could  have  made  by  land.  Lord  Bacon  was  also  a 
sufferer  from  seasickness  and  carried  a  sachet  filled  with 
saffron  as  a  preventative. 

Many  other  names  holding  high  place  in  the  history  of 
science,  art,  and  letters,  might  lie  mentioned  to  show  what 
little  regard  the  sea  has  for  the  condition  or  personality 
of  those  conamitted  to  its  tender  mercies. 

Erasmus  Darwin ^^o  (1796)  attributes  the  vertigo  from 
circumgyration  (vertigo  rotatoria)  to  an  increase  of  the 
irritative  motions  of  vision  and  when  the  rotatory  motions 
are  continued  too  long  or  are  too  violent,  sickness  of  the 
stomach  follows.  To  a  similar  cause  he  attributes  the 
sickness  following  vinous  intoxication  and  the  motions  of 
a  ship.  Wollaston^^i  (1810)  considers  the  inertia  of  the 
blood  to  be  the  cause  of  seasickness*  As  the  boat  de- 
scends a  pressure  equal  to  that  of  a  six  foot  column  of 
blood  is  taken  off  the  blood-vessels  so  that  they  contract 
and  cause  congestion  of  the  brain. 
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Jobert*"  (1846)  cites  the  tbeK>rie8  of  his  time,  and 
attributes  seasickness  to  indigestion  caused  by  disturb- 
ances of  the  sympathetic  nervous  system. 

Pellarin^^*  (1851)  considers  the  cause  as  a  disturbance 
of  the  circulation,  tiie  symptoms  being  due  to  cerebral 
anflemia. 

Sewanas  ***  wrote  a  large  volume  in  which  he  contend- 
ed that  seasickness  was  due  to  a  miaematic  poison  exist- 
ing in  the  atmosphere  over  the  sea-  The  miasma  origi- 
nated in  the  decomposition  of  organic  detritus  in  the  sea, 
and  was  therefore  more  abundantly  manifest  when  the  sea 
was  agitated. 

Guillabert -**  (1859)  accepted  the  theory  of  Sewanas 
as  demonstrated. 

Berard^*"*  (1850)  attribute's  the  vomiting  of  seasick- 
ness to  disturlmnce  of  the  central  nervous  system. 

Nelken  ^"^  ( 1855)  observes  that  few  persons  are  immune. 
Children  under  2  years  are  exempt,  but  children  from  2 
to  7  years  are  more  liable,  whilst  after  7  the  susceptibil- 
ity is  the  same  as  in  adults.  He  states  that  dogs,  sheep, 
cows  and  chickens  are  subj<3ct  to  the  malady,  whilst  hogs, 
ducks  and  geese  are  unaffected.  His  view  is  that  the 
motions  of  the  ship  are  communicated  to  the  various 
viscera  within  the  abdomen,  thorax,  cranium  and  spinal 
canal,  and  that  according  to  the  idiosyncrasy  of  each  in- 
dividual various  symptoms  manifest  themselves. 

Chapman  "*  (18(54)  considered  spinal  congestion  as  the 
cause  of  seasickuess,  and  strongly  recommended  a  speci- 
ally constructed  ice-bag  applied  to  the  whole  length  of  the 
spine.  Many  good  results  were  re|x>rted.  The  travellers 
were  instructed  however  to  lie  flat  upon  the  ice-bag,  i.e., 
in  dorsal  decubitus. 

Barker  2**  (1870)  considers  seasickness  as  due  to  the 
sudden  and  recurring  changes  of  the  relations  of  the  fluids 
to  the  solids  of  the  body,  and  to  the  nervous  disturbances 
which  result  from  these  changes. 

Pollard  *^**  (1872)  attributes  seasickness  to  the  con- 
sciousness of  a  want  of  support  in  the  downward  move- 
ments of  the  ship,  causing  thereby  strong  psychic  irrita- 
tion. 

Guien'**  (1876)  divides  the  causes  into  those  which 
aSect  the  nervous  system  as  a  whole,  such  as  the  motions 
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of  the  boat,  and  those  which  affect  particular  nerves  as 
bad  odourHj  noises,  etc. 

Beard"'  (1881)  attributes  seaeickneea  to  a  series  of 
concusBiong.  He  denies  that  the  sjniptoma  of  seasicknees 
are  '*refif?xed  through  the  eyBs,"  Infancy  and  old  age 
escape;  neurotic  individuals  are  moni  auscoptible. 

Kramer^*'  (1892)  studied  the  fundus  oculi  in  seasick* 
nesa,  and  found  in  most  of  the  casej^the  ''vessels  thin  and 
narrow  and  the  chorioid  of  a  pallor  otherwise  found  after 
protracted  hemorrhages. '  *  He  considers  cerebral  anemia 
as  the  cause  of  Beaaicknesa,  the  psychic  element  being  an 
important  factor.  The  cause  of  the  cerebral  amemia  he 
leaves  an  oj>en  question, 

D'Ailhaud  Castelet***  (1895)  attributes  seasickness  to 
abnormal  excit^mient  of  the  eensory  nerves  of  the  skin  and 
viscera  and  to  irritations  of  the  vagus,  sympathetic,  sense 
organs,  muscular  sense  and  of  the  sense  of  sptice  which 
induces  periplieral  vaso-conBtriction  with  compensatory 
visrxvral  vaHo-dilatation,  hy|>noBthenia<:jf  the  heart  muscle, 
lowered  blood -pressure,  cerebral  anremia  and  miosis. 

Tousey  ***  (1896)  considers  most  cases  of  seasickness 
as  due  to  reflex  causes  from  the  visual  apparatus  or  from 
the  semicircular  c^inale.  Few  cases  are  caused  by  succus- 
8 ion  of  the  stomach. 

Rosenbacli  ^^  (1896)  repudiates  fear,  abnormal  visual 
impressionB,  deficient  function  of  the  kidneys  or  lungs 
and  miasmaBtic  pfjisoning,  as  being  at  Ijt^st  raepdy  associ-^j 
ated  factors  and  not  the  cause  of  seasickness.  The  move^^^| 
ments  of  the  ship  are  the  all-impjrtant  factor  and  of  tbesaH 
the  Bcrew  or  spiral  motion  is  the  most  effective.  The 
stamping  or  pitching  motion  is  next  in  effect,  whilst  the 
rolling  motion  is  the  least  effective  of  all.  He  also  states 
that  it  is  at  the  *'end  of  the  upward  motion"  and  the  **l>e- 
ginning  of  the  riae"  that  the  greatest  influence  is  exerted, 
I.e.,  when  the  direction  of  the  motions  is  reversed.  All 
authors,  he  says,  agree  on  this  point.  These  movements 
according  to  liosenbach  affect  the  lx»dy  by  causing  intra- 
and  intf^r-rnolecular  disturl^ances  of  djTiamic  equilibrium 
within  the  organism .  He  believes  that  vomiting  is  due 
to  a  definite  mechanical  influence  upon  the  organic  tissue 
of  the  Bt<imach.  The  vomiting  is  a  functional  interference 
without  the  primary  inter\^ention  of  a  nerve  influence. 
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Hazen*"  (1904)  attributes  seasickness  to  a  deficiency 
in  innervation  of  the  extrinsic  musclefl  of  the  eye.  On  a 
vessel  we  have  the  severest  test  for  '*  immimity  of  the  pan- 
oramic symptom/'  The  condition  for  prevention  of  eea- 
eicknesB  is  to  have  the  standard  strength  of  these  muscles. 

Klein  ^**  (1897)  attributes  seasickness  to  the  effect 
of  pressure,  traction  and  concussion  upon  the  nervous 
elements  in  the  movablo  organs. 

DeVries  (1899)  considers  seasickness  as  a  functional 
disease  of  the  nervous  system,  caused  by  repeated 
mechanical  agitation  of  the  liody. 

Darnall^***  (1899)  concludes  that  seasickness  results 
from  a  disturhance  of  equilibration  caused  by  disturbance 
of  the  endohanph  in  the  semicircular  canals.  He  makes 
no  attempt  to  explain  the  modus  opcrandL 

Sumner  ^^*  (1900)  relates  the  story  of  a  house  which 
had  been  carried  away  in  a  flood,  and  on  the  subsidence 
of  the  waters  left  in  a  tilted  position,  partly  in  the  water 
and  partly  on  dry  land.  No  part  of  the  house  floated  or 
moved.  Every  one  who  entered  this  house  experienced 
feelings  like  those  of  seasickness,  and  some  even  vomited. 
He  considers  seasickness  as  due  to  a  '* flood  of  conflicting 
impressions  conveyed  to  the  mind  through  vision,"  and, 
therefore,  as  purely  a  psychic  disturbance. 

Schwerdt*"  (1901)  attributes  seasickness  to  circulat- 
ory disturbances,  with  disordered  equilibrium  as  a  cause 
of  secondary  importance.  He  bases  his  conclusions  upon 
manometric  measurements  of  intra-abdominal  pressure, 
registered  by  '*an  ordinary  manometer  which  was  alter- 
nately connected  with  the  stonifich  and  the  Iwwel  (rec- 
tum) by  suittible insertions."  Although  it  is  now  known 
that  such  measurements  of  pressure,  taken  within  the  hol- 
h^w  viscera^  by  no  means  represent  intra-abdominal  pres- 
sure, yet  the  author  repeated  Schwerdt^s  experiments  and 
found  no  such  constancy  in  the  phenomena  as  reported. 
Gnsat  credit  is,  nevertheless,  due  to  Schwerdt  as  being 
one  of  the  first  hi  approach  the  study  of  seaflicknesa  in 
accordance  with  the  scientific  spirit  of  the  times.  It  is 
a  relief  to  find  some  one  in  the  literature  checking  the 
monot<->ny  of  a  mere  expression  of  views  by  appeal  to 
experimental  fact. 

Savory"'  (1901)  considers  the  cause  as  purely  reflex 
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and  physiological,  acting  primarily  through  the  semi- 
circular caualg.  He  considers  the  coimection  between  the 
upper  division  of  the  auditory  nervff  and  the  genicukte 
ganglion,  and  between  the  latter  and  the  vagus,  as  form- 
ing a  complete  chain  from  the  auditory  to  the  pneumch 
gastric  terminals.  Savory  is  the  only  one  so  far  who 
has  made  any  attemj>t  to  trace  the  paths  of  nerve  im- 
pulaee,  or  to  commit  himself  fearlessly  to  an  open  dec- 
laration of  his  views.  It  is  now  known  that  no  pathway 
exieta  tetween  the  vagus  and  the  eighth  nerves  within  the 
ear.  Savory  is  entitled  to  credit  for  having  made  the 
first  attempt  at  a  rational  explanation  of  the  phenomena 
of  seasickness. 

Weitlauer^**  (19()3)  after  numerous  observations  and 
measurements,  concludes  that  seasickness  is  due  to  trau- 
matism originating  in  repeated  differences  in  pressure  of 
the  fluid  and  soft  elements  of  the  body,  as  compared  with 
the  solid  elements. 

Cornelius^"  (19<13)  seeks  the  cause  of  seasickness  in 
a  combination  of  Rosenbach's  kinetic  theory  with  his 
own  preeeure-point  theory,  the  nerve  points  being  irri- 
tated by  the  diBturbances  of  equilibrium,  thereby  sending 
stimulating  impulses  to  the  centre. 

Binz^  (1908-4)  considers  seasickness  as  due  to  cere- 
bral anaemia  caused  by  etinnilation  (from  the  rocking 
motions)  of  the  vaso-motors  of  the  brain.  He,  however, 
admits  the  ptjseiblo  connection  l>etween  cerebral  isehjemia 
and  involvement  of  the  organs  of  equilibration.  Biiiz 
used  Kreidl's  onychoscope,  an  instnmient  which  registers 
on  a  dial  plate  the  rate  and  strength  of  the  pulse  in  a  natf 
segment,  in  his  inve^^tigations,  and  found  that  under 
rhythmical  lowering  and  raising  of  the  arm,  the  vessels 
biiame  filled  in  a  notably  slower  manner  than  they  emy^ 
tied  themselves.  The  plethora  is  j>ennanently  overcoui- 
peneated  by  a  relative  isclmmiia  during  the  vibrations. 

Pfanz*^  (1908),  from  his  observations  with  the  aid  of 
Kreidl's  onychoscope,  Basche's  ephygmcmianometer,  and 
Gaertner's  tonometer,  he!d  it  as  probable  that  an  alter- 
nate inflow  and  outflow  of  the  bkHxl  in  the  brain  induced 
by  the  rocking  motions  of  the  l>oat  which  raise  and  lower 
the  heiwl,  causes  cerebral  stimulation,  which  in  turn  is 
responeible  for  the  retching  and  vomiting  of  seasicknew- 
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Hg  also  observed  an  increase  in  blood -preBsure  at  the 
same  time.  Both  Binz  and  Pfanz  are  entitled  to  credit 
for  applying  experimental  methoda  to  the  study  of  sea^ 
sickoess. 

Hagen-Tom*°^  (190B)  conBidera  eeasieknoBS  as  due  to 
cerebral  anffimia,  caueed  by  reflex  contraction  of  the  cere- 
bral vessels.  "The  im|X)eeib]lity  of  adaptation  to  the 
constantly  changing  relations  of  the  body  toward  its  sur- 
roundings" is  the  primary  cause  of  the  phenomena. 

Koepke^fi*  (19CI4)  believes  that  seaaickness  is  duo  to 
cerebral  anaemia. 

Waugh^***  fl9M)  considers  the  cause  of  seasickness 
to  be  a  jmralysis  of  the  vaso-motor  nerves  with  accumu- 
lation of  blood  in  the  vif^cera  (abdominal)  and  anemia 
elsewhere,  especially  in  the  brain. 

Shelmerdine  ^^^  (1904)  insists  that  a  predispOBition  is 
necessary  in  order  that  the  ship's  motion  may  cause 
naiisea.  Seasickness  results  from  a  combination  of  three 
factors,  viz.:  (1)  mechanical,  i.e.,  overwork  of  the  mus- 
cles in  balancing;  (2)  mental;  and  (8)  irritation  from 
the  presence  of  bile  in  the  stomach. 

Coming*"  (1904),  by  means  of  a  revolving  chair  in- 
duced vertigo,  nausea,  and  cardiac  weakness.  Then  he 
experimented  with  variour  drugs  with  a  view  to  finding 
a  remedy  which  would  hole  the  phenomemi  in  al^eyance. 
He  found  a  combination  of  hyoscin  and  morphin  to  bo 
the  most  effective.  Observing  the  similarity  between  the 
phenomena  of  rotation  sickness  and  those  of  seaaickness 
he  next  proceeded  to  treat  seasickness  in  the  light  of  his 
findings.  On  a  voyage  he  himself  took  hyoecin  hydro- 
bromid,  gr  1/50;  opium,  gr  ss;  and  t-en  minutes  latter  re- 
Borcin,  gr  iii,  with  nitroglycerin,  gr  1/8(X).  The  result 
was  wonderful.  He  seemed  to  be  in  such  a  state  that  he 
could  not  be  made  sick,  and  went  to  the  bow  of  the  ship 
in  defiance  of  the  elements.  He  trc^ated  twenty  other 
passengers,  to  whom  he  gave  a  combination  of  morphin, 
atropin,  cocain,  and  resorcin,  and  found  that  "thus 
torpid  at  centre  and  periphery,  the  subject  usually  re- 
mained proof  against  giddiness  and  nausea  for  from  four 
to  seven  hours."  A  tablet  w^as  then  given  conttiining 
morphin,  gr  1/6;  nitroglycerin,  gr  1/J300;  strychnin  sul- 
phate^  gr  1/60;  resorcin,  gr  i;   coaiin  hydrochlorid,  gr 
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1  /6.  This  was  sufficient  to  proeore  further  immnnitj  for  & 
likeperi<xl.  Most  of  his  subjects,  however,  prefeired  to 
lie  dowa  after  taking  the  drugs.  Coming  does  Dot  at- 
tempt to  explain  the  causation  of  the  phenomenA  of  rota- 
tion sickness  or  of  seasickness.  He  deserves  credit  for 
making  a  practical  attempt  to  find  a  remedy  for  eeAsick- 
ness  by  invoking  the  aid  of  experimental  methods  and 
applying  the  results  of  his  findings  to  practice. 

Thoma***  (1904)  attributes  seasickness  to  a  "defi- 
cient sense  of  equilibrium, ' '  this  ^ulty  being  imperfectly 
developed  in  the  majority  of  individuals.  He  states  thit 
eenfiicknees  is  never  observed  among  birds,  in  which  tbe 
organ  of  equilibrium  is  most  highly  developed,  and  acm- 
hiSs.  Children  or  infants,  and  those  suffering  from 
incurable  disease,  are  usually  spared. 

Zingher**^  (1905)  considers  the  etiology  of  setifiick- 
11606  as  still  obscure,  and  does  not  commit  himself  t^^  an 
opinion.  He  eulogties  a  proprietaiy  preparation  in  tbe 
traatment  of  seasickness. 

Re^nault  '**  (1906)  distinguishes  between  psjichic  and 
somatic  seasickness.  Bonnet^  Berillon,  Van  Befolergbem, 
and  Farez  hold  similar  views, 

Roesen  (1907)  and  Simon  (1907)  evidently  consider 
cerebral  anaemia  to  be  the  cause  of  aeaaickneBs.  They 
employed  Bier's  method  of  congestion  for  tbe  relief  of 
the  condition.  Each  believes  be  saw  good  results  froxn 
this  method. 

Simon  ^^  used  an  adjustable  elastic  necktie^  which 
was  applied  to  the  neck  for  half  an  boor  at  a  time. 

FlAfiscboen^  (1907)  attributes  8»Bickiief8  to  a  dy- 
namic distarbance  at  tbe  base  of  the  brain,  and  especbdlf 
in  the  optic  thalamus  and  corpoia  striata.  He  addooei 
no  facts  or  reaaong  for  his  aawimpti<Tfi 

Bamett***  (1907)  attribntea  aeasic^ness  to  initatioii 
of  tbe  auditory  nerro  terminala  by  movements  of  the  en* 
dolymph  in  the  aemicimilar  camls.  fliis  irritatioQ  is 
tnmamitted  to  the  vagus  throogh  tbe  factaL  Poasibfyy 
also,  tbe  irritation  is  transmitted  to  the  gympathetic  ej»' 
tem  tfaroQ^  the  eztenttl  petrosal  branch  oi  the  gnucn- 
Iste  gMi^KM-  It  18  now  known  that  the  a^Mucnt  oon- 
tmwn  the  facial  and  anditoiy  nerm  (fila 
ica)  oQudflti  watetj  of  aberranit  atnnda  of  fmcwl 
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fibres  that  return  to  the  facial  after  temporary  association 
with  the  auditory. 

Maillet^"  (1908)  considers  seasickness  as  the  result 
of  reflexes  from  all  tiie  floating  organs. 

Van  Trostenburg  268  (1908)  considers  seasickness  as 
the  result  of  disorientation  in  space  associated  with  a 
series  of  interacting  disturbances  arising  from  unaccus- 
tomed optic,  kinsBsfiietic,  and  labyrinthine  irritations. 

Various  other  theories  have  been  advanced  from  time 
to  time,  most  of  which  fall  under  one  or  other  of  these 
heads,  as  given  by  Rosenbach: 

1.  The  localization  theory. 

2.  The  somatic  (mechanical)  theory,  which  includes: 
(a)  the  theory  of  circulatory  disturbances;  (b)  centrifu- 
gal force  theory;  (c)  the  cerebral  theory;  (d)  ttie  abdom- 
inal theory;  (e)  theory  of  the  static  centre. 

3.  The  theory  of  psychic  and  ocular  vertigo  (the  in- 
fluence of  will-power,  fear,  etc.). 

4.  The  theory  of  intra-  and  inter-molecular  disturb- 
ances (Rosenbach's  theory). 


CHAPTER  XXXI 

ETIOLOGY  OF   SEASICKNESS 

Of  the  various  theories  put  forward  to  account  for  the 
phenomena  of  eeasicknees  not  one  affords  a  rc^^sonable 
explanation  that  is  applicable  to  any  large  number  of 
cases.  An  exception,  perhaps,  must  be  made  in  the  case 
of  those  theories  which  attribute  the  malady  to  disturb- 
ances of  the  endolyinph  in  the  semicircular  canals  (Bar- 
nett,  Savory,  and  others).  Even  here  no  proof  has  been 
offered  to  show  that  such  disturbances  are  in  fact  the 
cause  of  seasickness ;  and  with  the  exception  of  attempt- 
ing to  show  a  continuity  of  fibre-paths  (now  known  not 
to  exist)  between  the  auditory  nen'-e  and  the  pneumo- 
gastric  throogh  the  facial  (Savory,  Bamett),  no  effort  has 
been  made  to  explain  the  modus  operandi^  or  to  outline 
the  mechanisms  and  structures  involved. 

Before  attempting  to  establish  the  cause  of  seasick- 
ness, a  few  words  Eire  necessary  about  the  psychic  factor 
so  often  mentioned  in  connection  with  the  malady.  In  a 
certain  limited  class  of  persons  the  psychic  element  is 
undoubtedly  of  importance.  Thus  in  a  previous  chapter 
it  was  stated  that  one  of  the  subject-s  of  these  studies  be- 
came ill  from  merely  boarding  his  ship  on  the  eve  of 
commencing  a  Journey.  All  the  indications  afforded  him 
good  reasons  for  believing  that  he  would  become  dread- 
fully seasick  on  the  voyage.  Here  was  a  case  where  evi- 
dently the  psychic  element  was  paramount.  Analysis, 
however^  shows  that  this  of  itself  is  not  sufBcient  proof 
that  psychic  causes  alone  can  primarily  produce  the  phe- 
nomena of  seasickness.  On  this  occasion  the  underlying 
factors  were  subconscious  (latent)  memories  of  previous 
experiences,  which  themselves  were  the  direct  result  of 
genuine  seasickness  produced  in  the  usual  way.  More- 
over, in  this  instance  the  psychic  factor  had  the  support 
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of  powerful  associated  causes,  viz. ,  the  fouJ  odours  and  the 
dismal^  unsightly  aspect  of  affairs  between  decks.  As  we 
shall  see  later,  psychic,  like  circulatory  and  gastric  dis- 
turbanoes,  are  always  associated  with  Beafiicknese  to  a 
greater  or  less  extent;  and,  like  them,  may  be  potent, 
secondary  sources  of  discomfort.  This,  however,  does 
not  elevate  them  to  the  dignity  of  being  the  cause  of  eea- 
sicknees  in  the  strict  sense.  Many  individuals  of  the 
neurotic  type,  whom  one  would  expect  to  be  the  victims 
of  seasickneBs,  are  immune;  whilst,  on  the  other  hand^ 
the  most  robust  individual,  with  every  indication  of  a 
well-balanced  nervous  system,  may  get  sick  every  time 
he  goes  to  sea.  Tlie  author  has  known  a  woman  of  re- 
markably neurotic  typo  who  had  been  the  victim  of  sea- 
sickneee  all  her  life,  until  a  certain  age,  when  she  unex- 
pectedly began  to  develop  immunity.  Simultaneously 
with  her  immunity  there  developed  bilateral  nerve  deaf- 
ness, which  was  hereditary  in  her  family.  This  woman's 
sister  had  her  hearing  impaired  equally  in  both  ears  parly 
in  life,  and  was  always  immune  to  seasickness,  although, 
judging  from  the  psychic  and  neurotic  standpoint,  every 
appearance  gave  indication  that  she  ought  to  be  a  victim. 
In  middle  life,  however,  owing  to  acute  disease,  she  be- 
came totally  deaf  in  one  ear;  and,  on  the  next  occasion 
of  her  going  to  sea,  she  discovered  that  she  had  devel- 
oped a  susceptibility  for  seasickness,  and  could  get  relief 
in  no  other  way  than  by  lying  upon  the  back  or  upon  tlie 
side  in  which  the  hearing  had  been  destroyed.  It  will  l>e 
remembered  that  the  sheep  and  dog,  with  unilateral  di- 
vision of  the  vestibular  nen^e,  lay  upon  the  side  of  op- 
eration, because  in  any  other  position  they  experienced 
vertigo  and  develofx^d  nystagmus.  The  immunity  of 
deaf  mutes  to  galvanism  over  the  mastoid  areas  and  to 
rotation-sickness  {James, ^^^  Kreidlj^*^^  and  others),  and 
of  animals  in  which  both  labyrinths  have  been  removed 

iEwald,"^  Hogj'es^^^),  or  b<ith  vestibular  nerves  divided 
Schiff  ^'*),  is  relevant  here. 

The  onset  of  mild  imi lateral  inflammation  of  the  mid- 
dle ear»  or  even  the  unilateral  exacerbation  of  old  middle- 
ear  disease,  may  render  a  subject  who  had  he\m  previously 
immune  very  susceptible  to  seasickness  or  car-sicknesfl. 
One  snch  case  was  recently  studied.     The  patient  waa  fik 
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woman  of  thirty*thr©e,  whose  hearing  had  been  very  poor 
since  the  age  of  four,  when  she  had  had  severe  bilateral 
otitis  media  suppurativa,  complicating  scarlet  fever. 
This  patient  had  not  been  subject  to  sea-  or  car-sicknefls 
within  her  memory,  and  3'et  she  was  of  a  distinctly  neu- 
rotic type.  In  her  fifth  month  of  pregnancy  she  went 
shopping  and  found,  to  her  dismay,  that  riding  in  the 
cars  not  only  made  her  weak,  dizzy,  and  nauseated,  but 
initiated  cramps,  which  strongly  stimulated  uterine  con- 
tractions. The  patient  had  no  fever,  but  showed,  upon 
examination,  distinct  €*vidence  in  the  left,  ear  of  acute 
exacerV)ation  of  the  dormant  inflammatory  conditions 
existing  in  both  ears.  She  hnd  had  a  slight  pain  in  the 
left  ear  for  two  or  three  days.  \V*ith  this  pain  she  noticed 
that  her  hearing  for  high  notes  had  improved.  There  was 
some  tenderness  t-c*  pressure  in  the  left  ear.  On  standing 
with  the  eyes  closed  the  patient  was  inclined  to  fall 
toward  the  right.  Turning  tlio  lieiid  from  one  side  to  the 
other,  i.e.,  rotating  it  upon  the  long  axis  of  the  body, 
made  her  dizzy  and  sick.  With  the  eyes  turned  to  ttie 
left,  there  was  well-marked  horizontal  and  rotary  nystag- 
mus to  the  left  and  with  the  watch.  With  the  e^-^es 
turned  to  the  right  there  was  a  mere  trace  of  rotary  move- 
ment, which  was  slow  and  directed  against  the  watch. 
With  the  eyes  directed  up  and  down  there  was  no  visible 
nystagmus.  The  knee-  and  wrist-jerks  were  equal  on 
either  side  of  the  Ijody  and  somewhat  hyjieractive.  The 
pupils  were  equal,  and  exhibited  the  usual  rhythmic  al- 
ternations of  short  range,  with  the  phase  of  dilatation  al- 
ways the  more  salient.  Hurrying  or  moving  alxjut  rapidly 
made  the  patient  weak  tind  dizzy,  and  evoked  the  abdom- 
inal pains  referred  to.  At  times  the  sight  was  blurred 
and  external  objects  seemed  to  move^  but  the  direction  of 
their  movements  was  not  observed. 

The  treatment,  which  was  very  effective,  included  dor- 
sal decubitus,  dry  cold  over  the  mastoid  area  of  the  af- 
fected side  and  bromides.  It  should  be  mentioned  that 
the  occasion  on  which  the  car-sickness  manifested  itself 
was  a  hot,  op]>re8sive  day  in  September.  Judging  fnira 
the  well-known  effect  of  hot  weather  upon  rotation -sick- 
ness and  seasickness,  it  is  highly  prot)able  that  this  pa- 
tient's  sickness  was  aggravated   by  the  humidity  and 
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closeness  of  the  day.  There  were  no  symptxDms  referable 
to  disordered  gastric,  liver,  or  kidntiy  fiinction;  in  fact, 
the  woman's  physical  condition  was  excellent  both  be- 
fore and  after  the  aural  attack. 

Another  case  worth  recording  is  that  of  Mrs,  S.,  at 
one  time  a  well-known  professional  dancer.  The  natural 
strength  and  stAiniina  with  which  nature  had  endowed 
this  lady  was  greatly  enhanced  by  the  daily  training  ne- 
cessitated by  her  profession.  Notwithstanding  all  tliis, 
however,  and  although  accustomed  from  infancy  to  all 
sorts  of  gyrations  and  sudden  reversals  of  direction,  this 
individual  was  a  victim  of  seasickness  to  such  an  extent 
that  she  never  fully  recovered  from  her  attacks  until  she 
got  ashore.  At  a  certain  period  of  her  life,  the  exiict  age 
could  not  be  ascertained,  her  system  underwent  a  change 
which  rendered  her  immune  to  seasickness.  Thus,  her 
last  attack  of  seasickness  occurred  on  returning  from  Eu- 
rope in  1859.  Between  the  years  1859  and  1809  she  had 
not  been  on  the  water.  In  1869  she  began  to  have  trou- 
ble with  her  ears.  Impairment  of  hearing  followed  im- 
mediateljr,  and  i>ersi6ted  ever  since.  In  1890  a  relative 
placed  his  yacht  at  her  disposal,  and  it  was  only  after  the 
greatest  amount  of  persuasion  that  she  could  be  induced 
to  venture  aboard  for  a  short  trip.  To  her  great  surprise 
she  found  no  discomfort  in  the  roughest  seas.  Since  that 
time  she  has  travelled  extensively  upon  the  water  under 
extremes  of  weather  conditions,  and  never  experienced 
the  slightest  symptoms  of  swisickness.  Judging  from 
the  ex|>erience  gathered  from  numerous  cases  in  which 
aural  irrigations  and  other  methods  were  practised,  it 
seems  certain  that  the  vestilmlar  terminals  undergo  de- 
generation at  an  early  age  in  many  individuals,  although 
Witmaack**  is  of  the  opinion  that  in  toxemic  condi- 
tions affecting  the  auditory  nerv^e,  the  vestibular  branches 
escape.  In  the  individual  under  consideration  the  change 
which  conferred  immunity  from  seasickness  undoubtedly 
was  due  to  degeneration,  whereby  the  receptors  in  the 
ampullee  of  the  semicircular  canals,  and  possibly  also 
those  in  the  macular  of  tlie  utricle  and  saccule,  lost  their 
sensibility  so  that  they  no  longer  responded  to  the  stimu- 
lus generated  by  the  movementa  of  the  ship. 

These  cases  show  tHat  even  in  very  neurotic  Individ- 
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iials  something  more  than  merely  psychic  factors  ia  the 
underlying  cause  of  seasickness.  Admitting  the  impor- 
tant relations  between  the  cerebmm  and  the  cerebellum, 
and  admitting  that  p&ychic  dieturbancee  always  accom- 
pany the  severer  forms  of  seasickness,  and  may  even  act 
as  secondary  sources  of  distress  and  discomfort,  often  to 
such  an  extent  as  to  seem  to  be  the  chief  cause  of  the 
malady,  it  must  be  denied  that  such  a  thing  as  seasick- 
nesB  from  purely  i^sychic  causes  exists  in  the  sense  thali 
psychic  caust^  are,  in  the  first  instance,  the  active  factors 
in  the  production  of  the  malady.  Subconscious  or  con- 
scious memories  from  past  experiences  in  seasickness, 
may  so  affect  the  individual  that  very  little  in  the  way  of 
direct  physical  disturbance  suffices  at  times  to  induce 
sickness.  In  such  cases  perhaps  the  sickness  may  be 
considered  as  of  psychic  origin,  whereas  in  reality  the 
cause  in  the  first  instance  was  physical  and  not  psychic. 
Moreover,  in  these  so-called  psychic  cases  there  is  always 
the  necessity  of  some  jihysical  cause  in  addition  to  the 
psychic  factor;  and  where  the  former  is  wanting,  seasick- 
ness, somatic  or  psychic,  will  not  be  much  in  evidence. 

It  is  well  known  that  disturbances  of  ocular  functions 
can  cause  nausea  and  vertigo  (Stevens  ^^^  and  others). 
De  Cyon'*  put  prismatic  spectacles  upon  pige^ms  and  ob- 
tained disturbances  of  equilibrium  akin  to  those  which 
follow  interference  with  the  semieircukr  canals.  In  pig- 
eons which  had  partially  recovered  from  the  effects  of 
operation  upon  the  Bemicircular  canals,  covering  the  head 
and  eyes  with  a  hood  caused  a  return  f>f  the  characteristic 
phenomena  (Ewald,'^  De  Cyon^^).  The  most  that  these 
experiments  show  is  that  the  eye  is  a  factor  in  equilibra- 
tion, and  this  is  freely  admitted.  Ocular  defects,  such 
as  errors  of  refraction,  diploplia,  muscular  weakness, 
anything  that  interferes  with  bimx^ular  vision  and  the 
conjugate  action  of  the  eyes  may  cause  disturlmnces  of 
equilibrium,  nausea,  vertigo,  and  localized  neurasthenia 
of  the  nervous  mechanisms  involved.  The  latter  may  de- 
velop a  generalized  neurasthenia.  But  all  this  does  not 
show  that  ocular  disturbances  are  the  cause  of  seasick- 
ness. Admitting  that  the  eye  is  an  important  source  of 
afferent  impulses  in  the  mechanism  of  equilibration,  and 
admitting  that  in  certain  extreme  cases  of  disturbed  fxinc- 
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tion,  the  eye  may  b©  the  chief  apparent  factor  in  eeaaick- 
ness,  coupled  perhaps  with  overmastering  psychic  im- 
pressions, as  in  the  case  of  Sumner's  tilted  house,  how 
are  we  to  account  for  the  numerous  eases  of  seasickness 
occurring  in  robust  individuals  with  practically  perfect 
eyes  and  a  normal  condition  of  the  nervous  system  and 
general  musculaturti, of  the  body?  Merely  because  in  sea- 
sickness the  functions  of  the  eye  and  brain  become  de- 
ranged, and  the  use  of  these  organs  proves  a  source  of 
diecorafort  to  the  individual,  are  we  therefore  to  conclude 
that  psychic  or  ocular  distorbanc^e,  or  both  combined, 
are  the  every-day  cause  of  that  Beasickness  which  so  few 
escape  wlien  the  weather  conditions  are  sufficiently  severe? 
It  were  as  reasonable  to  say  that,  h>ecause  a  hood  placed 
over  the  eyes  of  a  pigeon  recovering  from  the  effects  of 
section  of  the  semicircular  canals,  caused  a  return  of  the 
disturbances  of  equilibrium,  the  phenomena  first  observed 
by  Flourens  are  therefore  due  to  interference  with  vision, 
and  not  to  destruction  of  the  semicircular  canals.  Fi- 
nally, not  every  ocular  defect  causes  vertigo,  nausea,  and 
disturbances  of  equilibriimi,  whereas  the  slightest  inter- 
ference with  the  functions  of  the  ampullary  receptors  of 
the  semicircular  canals,  e.g.,  aural  irrigation,  rotation, 
galvanism,  the  application  of  C(X*ain,  touching,  expos- 
ure to  light,  etc,  have  the  i mined iate  and  constant  effect 
of  overthrowing  the  equililirium  and  causing  vertigo, 
nausea,  nystagmus,  increased  salivation,  etc.  On  the 
whole,  even  in  extreme  cases,  the  most  tliat  can  be  said 
of  the  eyes  as  a  cause  of  seasickness  is  that  they  may  be- 
come secondary  sources  of  di8turl>ance  in  the  malady. 
WTaenever  they  seem  to  play  a  leading  role  in  the  causa- 
tion of  seasickness,  it  is  because  of  associated  sulx^on- 
Fadous  impressions  or  actual  disturbances  of  the  oculo- 
cerel>ellar  or  vestibulo-cerebellar  mechanisms,  and  even 
then  it  is  not  certain  that  the  prime  cause  at  work  may 
not  be  the  vestibular  mther  than  the  ocular  mcK^hanisms* 
As  previously  noh?d,  the  retinal  and  labyrinthine  recep- 
tors and  their  afferent  arcs  make  use  of  the  same  final 
common  paths  in  the  amsation  of  nystagmus.  The 
motor  mechanisms  of  the  eyes  are,  therefore,  intimately 
related  to  the  labyrinthine  mechanisms.  Hence,  in  dis- 
turbed conditions  of  the  latter  there  is  also  associated 


disturbance  of  function  in  tho  former,  and  looking  at 
moving  objects,  8uoh  as  the  tossing  waves  or  fixing  the 
eyes  aa  in  reading,  becomes  very  distressing.  However, 
in  normal  persons,  the  eye  can  stand  prolonged  looking 
at  moving  object'3,  without  causing  vertigo  or  eickness, 
provided  the  labyrintliine  mechanisms  are  intact  and  are 
not  interfered  with  in  their  functions.  As  the  primary 
cause  of  seasickness  the  eye>  and  with  it  the  psychic 
factor,  may  therefore  be  excluded, 

Concuseion  of  the  organs,  abdominai  or  other,  has 
been  frequently  put  forward  to  explain  the  causation  of 
seasickness,  Undoubb'dly,  concussion  and  shaking  about 
can  cause  serious  disturbances  in  certiiin  individuals. 
The  latt^er,  however,  wnll  generally  be  found  tc*  1>6  abnor- 
mally ctjnstituted  in  some  respect  or  other,  especially  if 
they  react  abnonuidly  in  this  manner  to  concussions  of 
mild  degree.  Thiis  in  many  individuals  who  suffer  from 
carsicknesB,  recent  uncompensated  labyrinthine  def*?cts 
may  be  found,  or  perhaps  a  localized  or  a  general  neuras- 
thenia. In  grown  people  many  cases  of  cargickness  are 
the  result  mainly  of  fear,  the  cause  being  originally  the 
individual's  experience  at  some  time  in  youth  when,  on 
account  of  acute  ear  disease,  eickness  attended  every  at- 
tempt at  riding  in  cars.  These  experiences  ofttm  leave 
behind  them  impressions  that  subconsciously  dominate 
the  individual  to  such  an  extent  that  in  after  years,  when 
the  labyrintliine  defect  has  been  long  since  recovered  from, 
or  compensat/ed,  the  slightest  excuse  in  the  way  of  a  related 
physical  cause  suffices  to  evoke  the  disagreeable  s^Tiip- 
toms.  Such  cases  are  frequently  encoimtered  by  those 
making  special  inquiry  into  the  matter.  The  cases  which 
react  to  mild  concussions,  however  nmnerous  they  may 
be,  are  few  compared  with  the  number  of  normal  individ- 
uals whom  such  slight  concussions  as  those  experienced 
in  riding  upon  cars  do  not  at  all  affect  disagreeably. 

Severe  blows  upon  the  abdomen  or  severe  injury  to 
any  part  of  the  body  may  cause  disturlmnces  which  are 
grouiied  clinically  under  the  name  of  shock.  The  differ- 
ence l>etween  shock  and  the  condition  presented  by  sea- 
sickness, especially  in  the  earlier  and  milder  stages  of  the 
latter,  is  so  apparent  that  no  comment  on  this  point  is 
necessary.     Blows  on  the  head,  especially  upon  the  lower 
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jaw  aa  seen  in  the  prize  ring,  frequently  cause  vertigo, 
vomiting,  muscular  weakness,  et4?.  In  these  instances 
the  delicate  mechanisms  of  the  labyrinth  are  the  parta 
chiefly  affected,  and  it  is  to  disturbance  of  the  vestibulo- 
cerebellar mechanisms  that  the  familiar  '^groggineBs"  is 
mainly  to  be  attributed,  as  well  as  the  muscular  weakness 
that  for  the  time  being  renders  the  contesttmt  helpleBS,  a 
ready  victim  for  the  coup-de-grdce.  The  vast  number  of 
those  who  can  withstand  concussion  of  varying  degrees  of 
severity  on  shore,  such  as  that  encountered  in  horseback 
riding,  etc.,  and  yet  who  are  nevertheless  susceptible  to 
seasickness  from  the  comparatively  mild  degree  of  con- 
cussion from  the  ship's  movements,  points  conclusively 
to  Bometliing  other  than  mere  mechanical  concussion  as 
causing  the  phenomena  of  seasickness.  This  was  well 
shown  in  those  auditory  irrigations  in  which  water  of  a 
neutral  temperature,  on  being  allowed  to  flow  into  the 
auditory  canal  from  a  height  in  order  to  determine  the 
effect  of  forcible  impact  of  the  fluid  against  the  drum 
membrane.  The  only  effiM.i;  was  a  marked  rise  in  blood- 
pressure  which  any  strong  stinmlation  at  the  periphery 
[■would  have  produced.  No  labyrinthine  phenomena  were 
observed,  although,  when  fluids  of  a  temperature  suffi- 
jient  to  evoke  vestibular  phenomena  were  used,  the  effect 
'of  the  irrigations  seemed  to  be  enhanced  when  the  fluid 
was  allowed  to  flow  into  the  ear  under  pressure.  Gross 
concussion  of  the  body^  as  a  whole,  plays  a  very  subordi- 
nate part  in  the  etiology  of  seasickness,  though  it  must  be 
admitted  that  in  the  highly  disordered  sttite  of  the  indi- 
vidual already  suffering  from  seasickness,  concussion 
vibration,  or  any  other  fonn  of  peripheral  irritation,  may 
be  a  source  of  aggravation  and  distress,  and  may  mate- 
rially retard  rf^overy. 

Disturbances  of  the  circulation  have  always  held  a 
prominent  position  in  the  tlieories  advanced  to  explain 
seasickness.  A  glance  at  the  protocols  will  show  that 
the  subject  was  not  seasick  during  perimls  when  the  cir- 
culation wfia  but  pwjrly  maintainedj  whilst,  when  he  was 
lickest,  e.g, ,  on  board  the  Quaire  Freres  and  the  Ladt/ 
^^Oheh'if^  the  blood-pressure  was  well  maintiiined.  It  is 
Imitted  that  in  Beasickness  after  a  time  the  circulation 
becomes  demoralized;    but  what   is   sought  now  is   the 
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primary  cause  and  not  merely  the  effects  or  aesociated 
phenomena  of  seasickness.  Moreover,  aural  irrigatioiu* 
caused  characteriBtic  manifestations  of  vestibular  distoil^ 
ance  even  when  the  action  of  adrenalin  was  at  it«  height 
Rotations  also  produced  the  usual  vertigo,  nausea,  etc., 
when  the  subject  was  under  the  influence  of  nitroglyceriD, 
with  its  low  blood-pressure,  and  of  morphin,  with  iu 
well-maintained  blood-pressure.  As  before  stated,  cmn- 
latory  dieturbances  are  to  l^e  considered  as  one  of  the  re- 
suits  of  seasicknesSj  but  they  may  in  turn  assume  impor- 
tance as  gecondary  sources  of  exhaustion  and  distress. 

Digestive  disturbances  have  always  been  looked  upon 
by  the  laity  as  the  primary  cause  of  seasickness.  But 
the  fact  that  one  of  the  subjects  ''B"  of  tlie  present  stud- 
ies suffered  at  times  from  indigestion,  and  did  not  at  all 
experience  the  familiar  subjective  phenomena  of  seasick* 
nesSj  whilst  at  other  times  he  was  dreadfully  seasick 
when  the  stomach,  after  being  irrigated,  was  presumably 
in  a  resting  state,  points  to  deeper  underlying  cau^e^. 
Even  admitting  the  importance  of  digestive  disturbance 
in  seasicknesSj  the  question  remains  as  to  what  is  the 
cause  and  what  the  modus  operandi  of  such  digestive  di.e- 
turhances.  This,  however,  has  to  be  said  of  digestive 
disturlmnces  in  seasickness,  and  the  same  holds  true  for 
the  sickness  of  robitions  and  aural  irrigations,  that  when 
once  'the  stomach  function  becomes  disordered  the  pres- 
ence of  stagnant  contents  or  the  ingestion  of  improper 
food  is  a  |x>werful  and  distressing  factor,  and  remain? 
so  until  the  stomach  is  emptied  by  vomiting,  when  th*^ 
sickness  and  distress  seem  to  Ije  relieved  for  a  time.  The 
symptoms,  however,  especially  those  referable  to  the  head, 
recur  eixjn  aft^'r  in  spite  of  the  empty  condition  of  the 
stcmiacb.  Hen^,  again,  aural  irrigations  and  galvanisni 
by  inducing  all  the  stomach  phenomena  of  seasickness 
with  the  sul>j(X't  sitting  quietly  or  lying  down,  diep^^ 
forever  of  those  theories  which  set  up  concussion  of  t±ie  ab- 
dominal orgims,  whether  floating  or  otherwise,  as  the  sok 
cause  of  seasickness.  Digestive  disturbances  are,  thei^ 
fore,  to  be  regarded  in  the  first  instance  as  the  effect*  of 
seasickness.  When  (nice  initiated,  however,  thev  may 
become  important  secinidaiy  sources  of  suffering  and 
distresB. 
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The  theory  of  intra-  and  inter-moleciilar  disturbances 
of  Rosenbach  may  or  may  not  be  true.  Ultimabely  the 
cause  of  seaeicknese  might  be  stated  in  such  terms,  but 
meanwhile  we  have  a  right  to  know  the  cruder  and  more 
tangible  phenomena  that  intervene.  It  ia  a  noteworthy 
fact  that,  as  long  aB  the  real  cause  of  an  ailment  remains 
undiscovered,  theorists  deceive  themselves  with  generali- 
zations, which  lay  down  predisposing  and  subsidiary  fac- 
tors and  associated  phenomena  as  the  primary  efficient 
cauee.  This  was  what  happened  in  the  case  of  tubercu- 
losis before  the  time  of  Koch's  discovery  of  the  tubercle 
bacillus,  and  this  may  be  expected  to  happen  in  every 
case,  as  long  as  the  real  cause  remains  undetermined. 
The  true  cause  of  such  a  malady  as  seasickness  should 
afford  a  reasonable  explanation  of  the  phenomena  of  most, 
if  not  all,  of  the  cases,  and  of  the  mode  of  their  produc- 
tion. It  should,  moreover,  be  in  accord  with,  and  have 
the  positive  support  of  known  anatomical  and  physiolog- 
ical facts.  Such  a  cause  in  the  case  of  seasickness  ia  to 
be  found  in  functional  labyrinthine  disturbances,  due 
directly  to  the  boat's  motions,  and  producing  in  turn 
effects  in  the  manner  which  we  shall  now  endeavor  to 
elucidate. 


CHAPTER    XXXII 

ETIOLOGY   OF  SEASICKNESS     (CONTiNtJED) 

It  has  been  ehown  that  the  phenomena  attending  rch 
tations,  aural  irrigations  and  galvanism  applied  to  the 
mastoid  areas  are  identical  with  the  Flourens  phenomeM 
that  follow  section  or  deatniction  of  the  eenaicircular  ca- 
nals in  animale.     Numerous  observationB  on  the  circu- 
latory and  gastric  functions,  as  well  as  a  coinparison  of 
the  objective  and  Bubjective  symptoms,  show  an  undeni* 
able  similarity  liet ween  the  phenomena  of  seasickneaa  and 
thoae  produced  by  rotations,  aural  irrigations,  and  gal- 
vanism.    The  only  difference  is  in  the  dt*gree  and  in  the 
mode  of  production.     It  has  been  shown  that  in  aural 
irrigations  and  in  galvanism  the  phenomena  were  caused 
by  a  relative  difference  in  the  degree  of  irritability  of  one 
set  of  ampullary  receptors,  as  compared  with  the  condi- 
tions of  irritability  obtaining  in  the  analogous  opposuii: 
set  of  ampullary  receptors  in  tlie  opposite  labyrinth,  and 
that  such  a  difference  in  irritability  upsets  the  balance  of 
the  reflex  vestibulo-cerebellar  mechanisms  by  giving  an 
undue  effect  to  the  normal  impulses  of  equilibration  orig- 
inating in  the  labyrinthsj  with  consequent  disturbances  of 
equilibrium,  nystagmus,  muscular  inefhciency,  alternat- 
ing conditions  of  the  pupil,  varying  conditions  of  the 
vaso-motor  mechanisms,  closure  of  the  pylorus,  nausea, 
vertigo,  increased  salivation,  vomiting,  faintness,  sweat- 
ing, pallor,  parsesthesise,  etc.     In  rotations  identical  re- 
sults were  produced   by  Eictual   overstimulation    of   the 
terminals  of  one  side^  noted  especially  on  sudden  stop- 
ping and  reversing  of  the  swing.     The  effects  of  rotationa 
in  each  of  the  three  cardinal  planes  of  the   body  were 
worked  out  in  detail,  and  constant  relations  were  found 
to  exist  between  certain  sets  of  canals  and  rotations  in  a 
certain  plane.    A  certam  type  of  nystagmus  was  found  to 
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correspond  with  rotations  in  a  certain  plane,  as  well  as 
with  certain  kinds  of  aural  irrigations  and  with  certain 
applications  of  the  electrodes  in  galvaniam.  Thue  rota- 
tions about  the  long  axis  affect  the  horizontal  canals 
mainly,  and  cause  horizontal  nystagmus.  Hot  and  cold 
aural  irrigations  and  galvanism  similarly  act  mainly 
upon  the  horizontal  canals,  as  owing  to  the  location  of 
the  latter  their  ampullary  receptors  are  more  exposed  to 
the  effects  of  aural  irrigations  and  galvanism  than  the 
receptors  in  the  other  canals.  When  the  irrigations  are 
prcilonged,  or  for  some  reason  the  effect  of  the  current  is 
enhanced,  the  ampullary  receptors  of  the  adjacent  supe- 
rior canal  are  affected,  with  the  result  that  a  rotary  ele- 
ment is  added  to  the  horizontal  nystagmus.  A  similar 
rotary  element  is  frequently  met  with  in  the  nystagmus 
of  rotations  J  e.g.,  when  the  rotations  ahout  the  long  axis 
are  not  strictly  confined  to  one  plane. 

In  rotations  it  has  been  shown  that  in  the  case  of  the 
horizontal  canals  the  creation  of  a  tendency  in  the  endo- 
lyraph  to  flow  toward  the  ampulla  from  the  canal  was  the 
physiological  stimulus,  whilst  in  the  case  of  the  other 
canals  the  reverse  was  true,  viz.,  the  creation  of  a  ten- 
dency in  the  endolymph  to  flow  from  the  ampulhii  toward 
the  canals.  It  was  also  shown  that  each  canal  or  set  of 
canals,  for  in  the  case  of  the  superior  and  posterior  canals 
the  two  superior  canals  are  opposed  to  the  two  posterior, 
was  related  to  certain  sets  of  skeletal  and  ocular  muscles 
through  the  intermediuna  of  the  cerebellum,  and  that  any 
stimulation  of  the  ampullary  receptors  in  one  set  more 
than  in  the  other  was  followed  by  reflex  disturbances  of 
equilibrium,  and  when  repeated,  by  nausea,  vomiting, 
increased  salivation,  etc.  These  disturbances  have  been 
shown  to  be  chiefly  due,  not  to  any  simple  reflex  act  in- 
volving Deiters'  or  any  other  single  nucleus,  but  to  re- 
flex acts  taking  place  under  cerebellar  influence,  which 
extends  not  only  to  ocular  and  skeletal  muscles,  but  per- 
haps also  to  visceral,  secretory  and  other  functions  as 
well. 

The  vestibulo-cerebellar  mechanisms  have  been  fully 
discussed  as  well  as  their  relation  to  vertigo.  It  has 
been  showTi  that  interference  with  the  afferent  arcs  of  any 
of  the  cerebellar  mechanisms,  whereby  the  balance  be- 
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tween  certain  meclianiBms  Tipon  one  side  of  the  body  and 
their  opponenta  upon  the  other  side  was  upset,  caused 
vertigo  and  diBturbances  of  equilibrium  until  such  inter* 
ference  was  overcome  or  compensated.  The  relations  of 
the  vague  and  glosso-pharyngeal  nerves  to  gaetric  move- 
ments were  pointed  out,  irritation  of  the  vagus  causing 
pyloric  cloaure,  whilst  irritation  of  the  gloseo-phajyngeal 
tends  to  cause  relaxation  of  the  cardiac  ephincter.  The 
relation  of  these  two  nerves  to  each  other  and  to  the  sev- 
enth through  their  reception  nuclei  in  the  sensory  i>ortioii 
of  the  dorsal  nucleus,  and  the  manifest  association  of  in- 
creased salivation  with  nausea  and  vomiting  point  to  the 
related  motor  nuclei  in  the  nucleus  ambiguus  and  vicin- 
ity, acting  in  conjunction  with  some  higher  centre  (vom- 
iting centre)  as  the  co-ordinating  mechanism  underlying 
this  sjTnptom  complex.  The  relation  of  the  olfactory 
mechanisms  to  nausea  was  pointed  out  and  the  pathways 
indicated  along  which  olfactory  impulses^  which  may  be 
such  important  secondary  features  in  nausea  and  seasick- 
nees,  might  travel.  The  widespread  relations  of  the 
peripheral  sensory  nerves  to  the  vaso-motor  and  vomiting 
centres  were  also  discussed, 

A  word  remains  to  be  said  about  vomiting  which,  in 
rotation  sickness  as  well  as  in  seasickness,  is  of  the  cere- 
bellar typo.  In  experiments  upon  the  semicircular  canals 
in  sharks  (Bewail^*')  ^^^  upon  the  cerebelJum  in  higher 
animals  (Ferrier^)  no  vomiting  was  witnessed.  In  the 
latter  instance,  however,  as  all  anseathetists  know  and  as 
Ferrier  himself  has  frequently  pointed  out,  profound  nar- 
cosis or  shock  tends  to  prevent  vomiting,  SewaU  found 
no  constant  characteristic  disturbances  of  equilibriimi 
following  destruction  of  the  semicircular  canals  in  sharks, 
but  found  that  vomiting  frequently  occurred  upon  inter- 
ference with  the  utricle  or  saccule. 

The  experiments  in  which  cold  bilateral  aural  irriga- 
tions were  first  given  to  deaden  the  ampullary  receptors 
of  the  horizontal  canals  and  rotations  then  practised  im- 
mediately, seem  to  indicate  that  labjrrinthine  receptors, 
other  than  those  located  in  the  semicircular  canals,  are 
related  to  the  mechanisms  of  vomiting.  Thus,  after  the 
rotations  mentioned  there  was  no  nystagmus  or  vertigo, 
no  deviation  of  the  head,  or  sense  of  distress,  and  yet  Sie 


DIAGRAMS  SHOWING  HOW  ROTATION  OR  THE  MOVE- 
MENTS OF  A  SHIP  TEND  TO  CAUSE  REFLEX  DIS- 
PLACEMENT OF  THE  HEAD  AND  EYES  AND  WITH 
THESE  DISTURBANCES  OF  EQUILIBRIUM  VER- 
TIGO,  NAUSEA,   ETC, 

A  and  C  repreaent  imag-ifiary  transverse  horizontal  sections 
through  the  head  and  the  horizontal  semicircular  canals.  In  A 
the  subject  is  at  rest  In  C  he  is  just  beginning  to  be  rotated 
from  right  to  left,  as  indicated  by  the  large  arrow.  B  repre- 
sents the  position  of  the  head  and  eyes  with  the  semicircular 
canals  and  their  hair  cells  in  a  state  of  rest,  as  depicted  in  A. 
In  C  the  hair  cells  in  the  left  horizontal  canal  are  slightly  bent 
in  the  direction  from  the  canal  toward  the  ampulla  by  the  ten- 
dency of  the  endolymph  to  flow  in  the  direction  of  the  small  ar- 
row. This  causes  reflex  displacement  of  the  head  and  eyes 
toward  the  right,  a«  shown  in  D,  The  dotted  pupils  in  />  indi- 
cate the  short  nystajrmic  movements  to  the  left 


SEASICKNESS 


subject  vomited  violently.  As  the  rotations  were  strictly 
about  the  long  axis,  it  is  inferred  that  the  receptors  in 
the  utricle,  and  perhaps  those  in  the  saccule,  were  affected 
and  that  these  were  directly  responsible  for  the  vomiting 
and  alterations  in  the  blood-pressure.  Again  in  rota- 
tiona  given  with  the  patient  in  recumbency,  vomiting 
was  absent,  but  appeared  at  once  if  the  subject  assumed 
the  erect  posture.  This  seems  also  to  point  toward  the 
conclusion  just  deduced*  It  seems,  therefore,  that  the 
otolithic  apparatus  of  the  vestibule  is  dynamic  as  well  as 
static  in  hmction,  as  pointed  out  by  Clark,*  and  there 
can  be  little  question  that  these  structures  are  affected  in 
rotations  as  well  as  the  ampullary  receptors  of  the  semi- 
circular canals.  However,  the  hair  cells  in  the  ampullm 
are  much  more  delicate  than  those  in  the  macuhie,  and  are 
consequently  more  susceptible  to  mild  grades  of  stimula- 
tion. Hence,  in  the  milder  forms  of  seasickness  it  is 
probable  that  only  the  ampullary  receptors  are  affected, 
whilst  in  rough  weather,  where  the  pitching  and  tossing 
of  the  vessel  are  unusually  severe,  the  receptors  in  the 
utricle  and  saccule  may  also  be  affected. 

Considering  the  chief  motions  of  the  ship  at  sea,  they 
are  found  to  correspond  roughly  with  rotations  about  one 
or  other  of  its  main  axes.  Thus  rolling  may  be  regarded 
as  rotary  movement  about  the  long  axis  and  pitching  as 
rotary  movement  alwut  the  horizontal  transverse  axis. 
In  the  combination  of  pitching  and  twisting,  known  as 
the  spiral  movement,  an  element  of  rotation  about  the 
vertical  axis  is  added.  Of  the  various  motions  the  moat 
effective  for  producing  sickness  is  the  spiral  movement. 
Next  in  order  of  efficiency  comes  pitching.  Rolling  seems 
to  be  the  least  effective  of  all-  The  analogy  of  these 
movements  to  the  movements  of  the  subject's  bc>dy  in  the 
rotation  experiments  is  at  once  apparent-  With  the  sub- 
ject lying  on  the  back  and  with  the  long  axis  of  his  body 
parallel  to  the  long  axis  of  the  ship,  the  rolling  move- 
ment gives  a  reproduction  in  miniature  of  rotations  about 
the  long  axis.  The  compariBou  may  seem  far-fetched, 
but  it  has  been  shown  that  in  rotations  little  effect  waa 
experienced  when  the  motion  was  equal  and  uniform, 
even  though  rapid,  whilst  great  disturbance  was  produced 
by  the  sudden  stops  and  starta-     In  the  rotating  motiona 


500 


BEASICKNESS 


of  a  ship,  complete  Tevolutions  may  not  foe  made  as  in 
the  swing,  but  the  stops  and  starts  are  only  too  painfully 
in  evidence,  aa  every  victim  of  seasickness  knows.  With 
the  subject  still  on  his  back  and  bis  long  axis  parallel  to 
that  of  the  ship,  pitching  gives  a  rotatory  movement,  cor- 
responding to  rotations  in  the  sagittal  plane.  Here, 
again,  the  stops  and  starts  are  what  tend  to  sicken, 
though  in  the  pitching  of  a  ship  the  abruptness  of  these 
depends  much  upon  the  range  of  motion.  When  the 
twist  or  spiral  movement  is  added  to  pit-cbing,  the  new 
element  is  equivalent  to  rotations  in  the  coronal  plane, 
about  a  horizontal  antero-posterior  axis  through  the 
umbilicus. 

With  the  subject  lying  on  the  back,  but  with  his  long 
axis  at  right  angles  to  that  of  the  ship,  the  rolling  mo- 
tion is  equivalent  to  rotation  in  the  sagittal  plane,  pitch- 
ing to  rotation  about  the  long  axis,  and  when  the  spiral 
motion  is  added,  the  new  element  is  equivalent  to  rotation 
in  the  coroniil  plane. 

With  the  subject  standing  so  that  tlie  sagittal  plane  is 
parallel  to  the  long  axis  of  the  ship,  rolling  is  the  equiv- 
alent of  rotations  in  the  coronal  plane,  and  pitching  the 
equivalent  of  rotations  in  the  sagittal  plane,  whilst  an 
added  twist  or  spiral  movement  represents  rotations  about 
the  long  axis.  When  the  subject  stands  with  the  sagittal 
plane  at  right  angles  to  the  ship's  long  axis,  rolling  is 
the  equivalent  of  rotation  in  the  sagittal  plane  and  pitch- 
ing the  equivalent  of  rotation  in  the  coronal  plane,  whilst 
an  added  spiral  movement  repreeenta  rotation  about  the 
long  axis. 

Each  of  these  movements  has  been  shown  to  affect 
definite  portions  of  the  semicircular  canal  apparatus. 
Thus  rotations  about  the  long  axis  affect  the  horizontal 
canal  on  the  side  toward  which  the  rotation  ttikes  place, 
by  creating  a  t*3ndency  for  a  current  of  endolymph  to  flow 
from  the  canal  toward  the  ampulla,  causing  primarily  a 
displacement  of  the  head  toward  the  shoulder  of  the  op- 
posite side  and  a  primaiy  nystagmus  in  the  same  direc- 
tion as  that  of  the  rotation.  Sudden  stopping  of  this 
motion  reverses  the  phenomena  with  sickening  effect,  and 
with  a  great  tendency  to  muscular  exhaustion  and  rapid 
alternating  changes  in  the  vaso-motor  tonus.     Rotations 
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in  the  Bagittal  and  coronal  planeB  cause  characteristic 
nystagmus  with  displacements  and  disturbances,  the  ef- 
fect depending  upon  whether  the  superior  or  posterior  set 
of  canals  are  affect-ed  in  the  rotations  in  the  sagittal 
plane,  or  whether  the  right  or  left  superior  canal  is  af- 
fected in  the  rotationB  in  the  coronal  plane.  It  was  found 
that  rotations  about  the  long  axis,  with  the  subject  sit- 
ting upright^  were  the  raost  efficient  in  causing  sickness, 
and  this  corresponds  with  what  is  known  of  the  effects  of 
the  spiral  movements  of  a  ship  upon  an  individual  sitting 
upright  or  standing.  In  rotfitiona  and  irrigations  prac- 
tised with  the  subject  in  recumbency  the  effect  was  al- 
ways less  than  when  rotations  and  irrigations  were  prac- 
tised with  the  subject  sitting  upright,  w^hilst  irrigatitms 
or  galvanism  over  the  mastoid  areas,  practised  with  the 
Bub|ect  st-anding,  gave  the  quickest  and  sharpest  reac- 
tions. Here,  again,  the  results  of  experiment  are  corrob- 
orated by  common  experience.  With  the  subject  in  re- 
cumbency, rotations  when  brisk  and  frequently  repeated , 
and  irrigations  with  very  hot  or  very  cold  water  and 
frequently  repeated,  registered  their  efrects  upon  the  cen- 
tral nervous  system ;  and,  although  the  subject  wiis  fre- 
quently not  sufficiently  affected  as  to  make  him  very  sick, 
yet  on  assuming  the  erect  position,  he  almost  invariably 
vomited.  Once  more  common  experience  corn^borates 
experimental  findings.  Many  passengers  on  the  first 
night  at  sea  go  to  bed  feeling  comfortable,  and  awake  in 
the  morning  to  find,  on  attempting  to  stand  up,  tliat  dur- 
ing the  night  something  had  taken  place  which  had  paved 
the  way  for  the  extreme  distress  that  culminates  in 
vomiting. 

In  the  upward  and  downward  motions  of  a  ship,  rec- 
tilinear movement  must  also  l>e  taken  intx^>  consideration, 
as  such  movements,  when  violent,  imdoubtedly  affect  the 
otolithic  apparatus  in  the  utricle  and  saccule,  and  en- 
hance the  efficiency  of  the  spiral  and  i>itehing  movements 
in  causing  seasickness.  In  marked  downward  and  up- 
ward movements  the  normal  rellexes  (other  than  those 
mediated  through  the  labyrinth),  controlling  equilibrium, 
are  also  markedly  di&«turbed.  The  result  is  a  twofold 
disturbancfi  of  equilibrium  by  (1)  distortion  of  the  nor- 
mal afferent  impiilses  to  the  cerebellmn,  and  by  (2)  dig- 
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tortion  of  the  normal  impiileea  to  the  other  centres,  oon- 
trolling  grosB  movements  of  station  and  equilibrium,  e.g., 
the  optic  thalamuB,  etc.  Thus,  when  a  part  of  the  ship, 
having  attained  its  maximum  height  in  pitching,  com- 
mences its  rapid  descent,  the  afferent  kinaesthetic  impulses 
from  the  proprioceptors  in  the  lower  limbs  misrepresent 
the  true  condition  of  affairs  and  the  corresponding  effer- 
ent motor  impulses  sent  ont  in  response,  are  out  of  all 
proportion  to  the  actual  needs.  The  result  is  a  temjXH 
rary  loss  of  the  sense  of  position  of  those  parts  which 
form  the  essential  basifl  for  cerebellar  action  in  the  main- 
tenance of  equilibrium.  Disturbance  of  the  afferent  im- 
pulses from  the  cord  to  the  cerebellar  and  other  centres 
might,  perhaps,  lie  compensated  by  the  semicircular  ca- 
nals, as  Bickel  ^*^  has  shown  by  division  of  the  posterior 
spinal  nerve  roots  in  the  dog.  In  seasickness,  however, 
the  semicircular  canals  themselves  are  so  affect-ed  that 
they  could  scarcely  be  expected  to  compensate  defects  in 
other  mechanisms. 

The  relations  of  each  semicircular  canal  or  eet  of  ca- 
nals to  definite  groups  of  skeletal  and  ocular  muscles,  aa 
well  as  the  relations  of  the  vest ibulo- cerebellar  mechan- 
isms to  other  important  functions  have  been  fully  dis- 
cussed in  previous  j  chapters.  The  frequent  absence  of 
well-marked  nystagmus  in  seasickness  is  no  reason  for 
making  a  fundamental  distinction  between  seasickness 
and  rotation-sickness.  In  some  i^ersons  the  nystagmus 
in  rotations  is  slight  and  transit-ory.  Similarly  in  many 
persons  a  mild  galvanic  current  will  offectiially  sicken  the 
individual  without  causing  much  apparent  nystagmus. 
This  is  especially  true  if  the  current  be  opened  and  closed 
frequently  for  a  long  time  without  rest  or  intamiission. 
Moreover,  even  in  the  milder  grades  of  diz^ziness  or  ver- 
tigo nystagmus  will  always  be  found  if  searched  for  with 
the  ophthalmoscope. 

The  views  herein  set  forth  as  to  the  etiology  of  sea- 
sickness receive  corrolwration  from  various  eourcee. 
Thus  in  elderly  persons  whose  auditory  nerves  are  well 
known  to  undergo  atniphy  and  degeneration,  there  is  a 
compiirative  immunity  from  seasiebiess  as  well  as  from 
the  sickness  that  comes  from  aural  irrigations,  etc.  Tests 
have  been  frequently  made  upon  such  individuals  with 
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aural  irrigatioiia  and  with  galvanism,  and  it  was  gener- 
ally found  thafe  tbey  had  diminished  susceptibility.  The 
immunity  of  deaf-mutes  to  rotation  sickness,  as  well  as 
the  acquired  immunity  and  susceptibility  in  the  four 
cases  already  alluded  to,  afford  direct  evidence  of  the  role 
of  the  vestibular  nerve  elements  in  the  causation  of  sea- 
eickness. 

It  should  always  he  remembered  that  where  the  laby- 
rinthine receptors  are  equally  affected  on  both  sides 
simultaneously,  there  is  no  apparent  disturbance  of  equil- 
ibrium. Thus,  in  persons  who  rapidly  become  almost 
completely  deaf,  there  may  l>e  no  vertiginous  symptoms. 
This  happened  in  Witmaack^s  *"  case,  where  sudden  bi- 
lateral deafness,  occurring  in  a  young  phthisical  subject, 
was  caused  by  toxic  atiouatic  neuritis.  It  was  this  case 
chiefly  that  enabled  Witmaack  to  deduce  the  important 
conclusion  that  deafness  and  disturbances  in  the  laby- 
rinth, occurring  in  certain  diseased  conditions  and  in 
poisoning  by  certain  di-ugs,  were  due,  not  to  circulatory 
changes  (anfemia  and  h^qjenemia)  of  the  labyrinth,  but 
to  degeneration  of  the  acoustic  nei-ve  fibres  *'up  to  the 
lamina  spiralis  and  the  spiral  ganglion."  It  is  safe  to 
say  that  in  Witmaack 's  case  the  equal  and  uniform  affec- 
tion of  the  labyrinth  on  either  side  was  responsible  for 
the  absence  of  vertigo,  although  Witmaack  found  but  lit- 
tle involvement  of  the  vestibular  tmnks.  Clinical  obser- 
vatiouB,  especially  those  made  with  aural  irrigation  teste, 
show  conclusively  that  in  degenerations  of  the  cochlear 
nerve  the  vestibular  is  also  affected,  though  perhaps  to  a 
lees  extent. 

The  anatomic^il  and  physiological  relations  of  the  ves- 
tibular nerve  to  the  medullary  nuclei  and  the  cerebellum, 
aa  well  as  to  the  higher  c<;'ntres,  have  been  fully  discussed 
in  previous  chapt-ers.  In  seasickness  the  paths  along 
which  impulses  originating  in  the  ampullary  receptors  of 
the  canals,  and  in  the  receptors  of  the  otolithic  apparatus  of 
the  vestibule,  are  precisely  the  same  as  those  along  which 
similar  impulses  travel  in  rotation-  and  aural  irrigation- 
sickness,  the  modti.H  operandi  being  the  same  in  each  in- 
stance.  Enhanced  irritability  (lowered  threshold  value) 
of  one  set  of  ampullarj'^  or  macular  receptors,  as  compariui 
with  the  condition  of  the  analogous  opposing  set  of  recep^ 
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tore  in  the  labyxintii  of  the  opposite  side,  disturbs  the 

balance  of  the  vestibulo-oerebellar  reflex  mechanisma, 
which  are  constantly  in  operation,  serving  to  maintain 
automatically  the  upright  position  of  the  body  and  to 
steady  the  trunk  and  head  upon  the  fixed  lower  supports. 
The  result  is  vertigo,  nystagmus,  etc.,  and  a  disturbance 
of  the  normal  mecbanisms  of  equilibrium  whereby  the  lat- 
ter are,  to  a  certain  extent,  overthrown,  necessitating  the 
constant  employment  of  voluntary  effort  to  counteract  dis- 
placements- In  this  manner  an  undue  amount  of  tension 
is  put  upon  the  whole  nervous  and  muscular  systems. 
But  besides  controlling  the  skeletal  muscles  in  acta  of 
balancing,  the  labyrinthine  mechanisms  stand  in  close 
relation  to  gastric  and  intestinal  movements.  Labyrin- 
thine impulses  reach  the  cerebral  and  medullary  centres 
through  the  cerebellum,  or  perhaps  in  the  case  of  im- 
pulses originating  in  the  macular  receptors  by  more  direct 
pathways.  In  this  way  labjT-inthine  impulses  affect  the 
vagus,  glosso'pharyngeal,  and  facial  motor  neurones 
through  the  vomiting  centre,  as  well  as  the  vaso-constric- 
tor  and  other  centres  of  higher  and  lower  levels.  In  or- 
dinary mild  cases  of  seasickness  the  primaiy  effect  is  one 
of  stimulation.  Repetition  or  increased  intensity  of  the 
stimulus  sooner  or  later  causes  the  well-known  functional 
disturbances  in  the  related  organs  and  mechanisms.  The 
nature  and  mode  of  production  of  these  disturbances  have 
been  fully  discussed  in  the  chapters  devoted  to  rotation- 
sickness.  The  inevitable  result  is  a  general  state  of  ex- 
haustion, w^ith  demoralized  circulatory  and  gastric  func- 
tion and  a  general  weakness  and  irritability  whereby  the 
slightest  mental  or  physical  effort  causes  discomfort  and 
ordinary  sights,  sounds,  odours,  etc.,  become  distressing 
and  intolerable. 

The  exhausting  effect  of  interference  with  the  cerebel- 
lum has  long  ago  been  demonBtntted  by  Weir-Mitchell,** 
Luciani/*^  and  others.  Failure  and  per\^ersion  of  gastric 
function  become  in  seasickness  a  secondary  source  of 
distress  by  causing  a  deficient  supply  of  nourishment  to 
the  body  as  a  whole,  and  by  a  consttmt  flow  of  affnront 
impulses  from  the  interior  of  the"organ  through  the  vagus 
to  the  sensory  portion  of  the  dorsal  nucleus,  where  the 
eeneoiy  vague  centre  ia  in  close  relation  with  the  sensoiy 
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centres  of  the  facial  and  glosso-phftiyngea!  nerveSj  and 
with  the  cerebellum  and  higher  centres.  Such  afferent 
impulses  originating  in  the  gastric  receptore  tend  to 
maintain  a  constant  state  of  nausea  and  increased  saliva- 
tion, and  keep  the  victim  in  a  condition  of  extreme 
wretchedness  on  the  verge  of  vom  i  t ing ,  D  i  s turbed  c  i  rciila- 
tory  function  also  becomes  an  important  factt^r,  causing 
in  the  medullary  and  cerebral  centres  a  blood-supply  that 
is  irregular  or  insufficient  to  meet  the  needs  of  nornial 
metabolism  and  the  removal  of  waste  products.  The  use 
of  the  eyes,  especially  in  looking  at  moving  objects,  is 
another  source  of  distress;  as,  imdor  ordinary  circum- 
stances, in  looking  at  moving  objectSj  the  ocular  movements 
are  mainly  executed  by  the  oculo- cerebellar  mechanisms, 
aided  by  the  vestibulo-Cfirebellar  nnjclmniKms,  both  sets 
of  mechani finis  using  the  same  final  common  paths.  In 
seasickness  the  cerebellar  centreSj  and  indeed  the  whole 
individual,  are  in  a  state  of  disorganization,  with  marked 
inability  and  disinclination  for  work  of  any  kind.  The 
w^ell-known  influence  of  odours  upon  those  suffering  from 
seasickness,  as  well  as  the  perversion  of  the  sense  of  smell, 
are  to  be  accounted  for  by  the  instability  and  abnonual 
irritability  of  the  cerebral,  cf^rebellar,  and  medullary 
centres,  and  chiefly,  perhaps,  of  the  vomiting  centre  and 
those  centres  located  in  the  dorsal  nucleus.  The  fibre 
paths,  along  which  such  olfactory  impulses  may  travel, 
nave  been  already  discussed. 

Many  authors  of  the  present  day  attribute  seasickness 
in  a  vague  and  general  way  to  unaccustomed  irritations 
of  the  optic,  labyrinthincj  and  kinicstbetic  mechanisms. 
As  previously  pointed  out,  under  certain  conditions,  the 
eyes  might  possibly  be  the  prime  c-ause  of  seasickness; 
but,  in  the  light  of  our  present  knowledge,  the  average 
eye  is  not  nearly  so  susceptible  to  the  effects  of  irregular 
motions,  with  sudden  stops  and  starts  as  the  labyrinthine 
apparatus.  In  rotations,  aural  irrigations,  and  in  gal- 
vanism applied  to  the  mastoid  areas,  the  individual  may 
be  sickened  wlion  the  eyes  are  excluded  by  closing  or  cov- 
ering them;  whilst  if  the  labyrinth  be  absent  on  both 
sides,  or  incapable  of  functioning,  neither  animals  nor 
men  are  susceptible.  In  order  to  prove  that  the  eyes  or 
any  other  organ  may  be  the  prime  cause  of  seaaicknees, 
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it  would  be  necessary  to  exclude  first  the  effects  that  are 
coustantly  present  in  every  case  in  which  there  exists 
even  part  of  a  functionating  labyrinth.  It  has  been 
demonBtrated  in  rotations  and  aural  irrigatione  that  dis- 
turbance of  the  veetibulo-c^rehellar  balanced  mechanisms 
is  always  associated  with  nyatagmiie.  The  ocular  appar- 
atus 18,  therefore,  to  a  greater  or  less  extent  involved  sec- 
ondarily in  the  labyrintliine  in-itations  which  cause  aea- 
sicknesB,  and  is  frequently,  if  not  always,  involved  to 
some  extent  in  the  causation  of  the  distressing  symptom, 
vertigo.  All  this,  however,  merely  Bhows  that  the  eye 
may  be,  and  often  is,  an  important  secondary  factor  in 
the  etiology  of  seasickness. 

The  '^kina3Bthetic  sense"  is  a  term  designed  to  cover 
afferent  impulses  from  muscles,  jointe,  tendons,  etc. 
These  impulees  originate  in  the  propritxieptors  of  the 
various  organs.  We  have  seen  that  the  cerebellum  by 
means  of  its  reflex  mechaniBraB  adjusts  and  controls  the 
muscles  involved  in  acts  of  equilibration,  and  that  it 
does  BO  by  means  of  its  afferent  and  efferent  paths.  The 
chief  afferent  cerebellar  paths  are  (1)  the  vestibular,  (2) 
the  ocular  (including  optic),  (8)  the  kinfesthetic,  and 
(4)  the  cerebral.  The  cerebellar  median  isms  are  daily 
subjected  to  all  sorts  of  jars  and  motions  by  people  on 
shore,  and  seldom  produce  phenomena  in  any  way  resem- 
bling those  of  seiisickness.  As  l>efore  stated,  it  has  to?n 
shown  by  Bickel  that,  in  the  dog  after  section  of  tlie  pos- 
terior nerve  roots,  tlie  semicircular  canals  can  compensate 
the  loss  of  spinal  afferent  ctirebellar  impulses.  As  the 
cerebellum  ordinarily  controls  in  a  reflex  manner  many 
of  the  acts  involved  in  equilibration,  impairment  of  cere- 
bellar function  throws  an  unusual  and  exhausting  strain 
on  the  centres  in  the  Roland ic  regions.  In  seasickness 
when  cerebellar  exhaustion  has  set  in,  the  kinaesthetic 
mecbanisms  may  be  a  secondaiy  source  of  irritation  on 
account  of  functional  disturbance,  and  may  thereby  aid 
in  maintaining  or  aggravating  the  disorder.  In  certain 
movements  of  the  boat,  e.g.,  sudden  prolonged  upward 
or  downward  motions  the  function  of  the  kinjesthetico- 
thalamic  paths  may  be  involved  leading  t-o  a  temporary 
loss  of  coordination  in  the  under  supports  of  the  l>ody 
with  the  result  that  the  cerebellum  has  no  secure  base 


toward  which  to  make  ita  equilibrataiy  adjustmenta.  It 
is  possible  that  this  may  be  occaflionally  a  primary  factor 
in  the  cauaation  of  seasickness,  but  if  it  ever  is  it  never 
attains  to  more  than  subsidiary  importance.  In  loco- 
motor ataxia,  patients  standing  erect  with  the  feet  ciose 
together,  do  not  become  dizzy  or  nauseated  when  the  eyes 
are  closed,  but  simply  sway  or  perhaps  fall.  This  shows 
the  relation  the  eyes,  under  certain  circumstances,  may 
bear  to  the  optic  thalamus  and  to  the  coordination  of  the 
feet  and  other  members.  Here  again  is  another  way  in 
which  the  eyes  in  seasickness  may  be  unusually  strained, 
and  ultimately  become  a  secondary  source  of  irritation 
and  exhaustion.  Helmholtz  ^*"  says :  **One  feels  the  trac- 
tion of  gravity  (on  board  ship)  now  apparently  to  the 
right,  now  apparently  to  the  left,  now  forwards  and  now 
backwards,  because  one  is  no  longer  able  to  find  with  his 
eyes  the  direction  of  the  vertical.  Only  after  long  prac- 
tice, as  I  myself  can  testify,  does  one  come  to  use  gravity 
as  an  exclusive  means  of  orientation,  and  only  then  does 
the  vertigo  cease.*'  Regarded  from  any  standpoint 
neither  tlie  eyes  nor  the  kinajsthetic  sense  can  be  seriously 
considered  as  more  than  secondary,  or  at  most  subsidiary 
primary  factors  in  the  causation  of  seasicknesB,  Almost 
any  organ  or  function  may  be  so  affected  as  to  become 
prominent  as  a  symptomatic  feature  and  source  of  dis- 
tress. It  is  t<j  misinterpretation  of  such  occurrences  we 
are  indebted  for  the  many  theories  that  attribute  seasick- 
ness to  any  one  of  the  numerous  secondary  factors  in- 
volved. Throughout  the  ages,  seasickness  has  been  much 
of  a  puzzle  to  mankind.  The  first  step  toward  the  actual 
solution  of  the  problem  was  made  by  Flourens  in  1824, 
when  he  divided  tlie  semicircular  canals  in  pigeons  and 
rabbita. 


CHAPTER  XXXIII 
ON  THE  OCCURRENCE  OF  SEASICKNESS 

The  literatura  of  seaaickness  teems  with  conflicting 
reports,  as  to  the  immunity  or  susceptibility  of  certain 
groups  of  individuals,  the  cftuee  being  failure  to  recognize 
the  various  shades  and  degrees  of  severity  of  the  condi- 
tion. It  is  commonly  agreed  that  those  of  the  nervous  or 
neurasthenic  type  are  more  susceptible  than  those  of 
coarser  fibre  (Beard  2*^)  but  little  reliance  is  to  be  placed 
on  such  distinctions  since,  as  we  have  seen,  very  neurotic 
individiials  with  degenerated  labyrinthine  nerves  may 
show  absolute  immunity.  Children,  most  authors  agree, 
are  comparatively  immune.  Here  again  is  room  for 
doubt.  Children  old  enough  tx>  run  about,  are  frequently 
affected,  but  as  a  rule  recover  rather  quickly  owing  per- 
haps to  the  mental  and  physical  conditions  peculiar  to 
childhood.  Very  jroung  children,  such  as  infants  in 
arms,  are  seldom  sick,  either  because  they  are  not  called 
mpon  to  perform  much  in  the  way  of  acts  of  equilibration, 
or  because  of  the  undeveloped  condition  of  the  mechan- 
isms of  equilibration.  It  must  be  remembered,  however, 
that  children  cutting  teeth  suffer  occasiomilly  from  ver- 
tigo and  nystagmus  and  that  infanta  have  been  actually 
seen  to  suficr  from  what  was  undoubtedly  seasickness. 
In  children  it  frequently  happens  that  an  extreme  condi- 
tion of  nerv^ousnese  develops  at  sea.  Thus  a  girl  of  eight 
suffered  greatly  from  inability  to  rest  or  rdax  Iier  feet 
properly  in  bed  at  night,  and  constantly  cried  out  to  her 
mother  that  she  did  ^'not  know  what  to  do  with  her  feet 
for  they  wouldn't  keep  still  in  any  position."  Thie 
symptom  will  be  readily  appreciated  by  those  in  whom 
overtense  conditions  of  the  nervous  system  do  not,  at 
times,  permit  proper  relaxation  of  the  muscles* 

Old  age  IB  frequently  immune  for  nimaerous  reaeons, 
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but  more  particularly  because  of  the  rule  that  in  advan- 
cing years  there  is  a  tendency  to  arterioflcleroeis  and  to 
bilateral  atrophy  and  degeneration  of  the  auditory  nerve. 
Those  suffering  from  chronic  wasting  diseases  and  from 
ctintinued  excesses  in  alcohol  also  seem  to  have  a  relative 
immunity.  Here  the  cause  is  deterioration  of  the  ves- 
tibulo-cerebellar  mechanisms  whereby  they  do  not  so 
readily  re8ix)nd  to  labyrinthine  stimulation  and  depres- 
8ion»  or  deterioration  of  the  cerebral  and  medullary  centres 
whereby  the  labyrinthine  irritation  is  lees  effective  in 
evoking  the  phenomena  of  the  malady  in  their  full  sever- 
ity. And  here  it  is  significant  that  in  any  one  of  these 
conditions  degeneration  of  the  auditory  nerves  may  occur 
as  Witmaack  ^^  has  shoimi- 

Some  apparently  normal  individuals  appear  to  enjoy 
immunity,  the  cause  being  pecidiarities  of  structure  or 
function  of  the  vestibulo-cerebellar  mechanisms  or  of  the 
related  cerebral  and  medullar)'  centres.  Similar  immu- 
nity to  a  certain  degree  haa  been  observed  in  some  individ- 
Uiils  in  experiments  with  rot«-ition8,  aural  irrigations  and 
galvanism.  Such  individuals  have  a  natural  or  acquired 
power  of  resisting,  to  a  certain  degree,  the  effects  of  cer- 
ttiin  forms  of  stimulation  p^Tuliar  to  seasickness  just  as 
ordinary  individuals  offer  differing  degrees  of  resistance 
to  various  other  forms  of  stimulation  by  alcohol,  t^obacco, 
pain,  etc.  Probably  no  one  with  fimctioning  labyrinths 
18  totally  immune  to  seasickness  under  all  conditions  of 
ciR'unistance  and  weather.  It  is  certain  that  no  one  is 
immune  to  rotations  of  all  grades  of  severity  imless  both 
auditory  nerves  have  degenerated,  or  both  labyrinths  have 
btK^n  excised  as  in  many  of  the  experiments  which  have 
been  performed  upon  animals.  It  is  a  common  jwpular 
error  to  supiX)6e,  that  because  an  individual  is  robust 
and  healthy  he  will  not  therefore  fall  a  victim.  Seasick- 
ness in  ordinary  conditions  of  health  is  primarily  the  re- 
sixmse  of  tiie  organism  to  repeated  and  irregular  forms  of 
liibyrinthine  stimulation.  Predisposition  to  seasickness^ 
therefore,  merely  impli(>s  ready,  alert  reflex  mechanisms, 
and  is  in  no  way  dinxitly  related  to  the  health  or  strengt-h 
of  the  individual  in  so  far  as  its  primary  c^iusation  is 
concerned.  In  fiw?t  so  common  is  seasickness  amongst 
normal  individuals  that  the  burden  of  proof  rests  with 
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those  who  are  immune  to  prove  that  they  are  free  from 
abnormality. 

Trainers  of  athletes  of  extensive  experience  and  of 
world-wide  n^putation  have  given  the  information  that 
BeaaicknesB  occurs  amongst  aprinbere,  distance  runners, 
weight  throwers,  jumpers  and  football  players  alike  indis- 
criminately- Several  athletes  professional  and  amateur 
were  consulted,  and  the  information  obtained  corroborated 
that  of  the  trainers.  The  sea  has  frequently  taken  the 
**edge'*  off  athletas  in  condition^  bo  that  after  the  voyage 
it  took  some  time,  in  some  instances  a  long  time,  before 
the  individuals  came  up  to  their  usual  performancee. 
One  individual,  a  professional  pugilist  whose  chief  merit 
consisted  in  his  extraordinary  ability  to** withstand  pim- 
ishment"  without  being  **  knocked  out"  sent  in  a  face- 
tious reply  in  which  he  expressed  the  opinion  that  **wet 
goods'*  (alcohol)  had  more  to  do  with  the  causation  of 
seasickness  than  any  other  factor.  This  individual  was 
very  probably  immune  to  seasickness  and  his  statement 
regarding  the  relation  of  alcohol  to  the  causation  of  sea- 
sickness, though  flippant  in  form,  in  all  probability  rep- 
res€*nt8  conclusions  draw^n  from  personal  experience.  An- 
other pugilist  not'<:^d  also  for  his  ability  to  resist  ''the 
knock-out"  blow  reported  that  he  had  never  been  affected 
by  seasickness.  This  individual,  however,  has  descended 
from  a  long  line  of  ancestors  famed  for  their  exploits  on 
flea. 

Several  professional  equilibrists,  acrobats  and  tumblers 
were  interrogated  by  mail.  Not  one  reply  was  received. 
This  fact  inclines  one  to  the  belief  that  men  of  these  call- 
ings are  prone  to  scaaicknesB  nnd  consider,  perhaps,  that  it 
might  be  a  reflection  ui^jn  their  professional  ability  to 
own  up  to  the  fact.  A  famous  distance  runner  who  holds 
many  records  also  failed  t4>  send  in  a  reply.  The  author 
saw  this  man  in  the  throes  on  a  tranflatlantic  trip.  It  is 
well  known,  however,  that  famous  athletes  of  eveiy  de- 
scription are  subject  to  seasickness. 

The  question  as  to  the  immunity  of  animals  has  been 
dealt  with  extensively  in  the  literature  to  which  it  lends 
an  amusing  and,  at  all  times,  interesting  feature.  Here, 
as  elsewhere,  a  great  difference  of  opinion  prevails.  The 
general  consensus  is  that  most,  if  not  all,  animals  suffer 
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from  the  malady.  The  opportunity  of  studying  the  ques- 
tion directly,  not  having  presented  itself,  inquiry  was 
made  from  those  who  not  only  had  the  opportunity,  but 
were  otherwise  qualified  to  form  an  opinion.  Dr.  G.  G. 
Flemyng  of  the  White  Star  Liner  Teutonic  was  sur- 
geon in  charge  of  the  vessel-  which  brought  over  to  the 
London  Zoological  Gardens  the  Australian  collection  of 
animals  amounting  to  about  5,000  specimens.  The  doc- 
tor stated  that  most  of  the  animals  came  down  with  com- 
mon ordinary  seasickness  just  like  human  beings  and 
many  died  from  the  malady. 

A  fellow  traveller  whose  business  was  concerned  in 
taking  horses  from  America  to  Europe  and  selling  them 
there,  was  next  interrogated.  This  individual  stated  off- 
hand that  animals  do  not  get  seasick.  Upon  closer  ques- 
tioning he  stated  that  his  experience  was  confined  to 
horses  of  the  draft  variety  and  he  qualified  his  former 
statement  by  saying  that  animals  do  not  get  seasick — if 
you  know  how  to  feed  them  properly.  It  was  later  dis- 
covered that  this  man's  conception  of  seasickness  was  a 
disturbance  of  function  of  such  intensity  as  to  threaten 
the  life  of  his  animals. 


CHAPTER  XXXIV 

THE  EFFECTS   OF   SEASICKNESS  AND   THEIR   RELA- 

TION   TO   DISEASED   CONDITIONS 


The  effects  of  Btstiaicknesg  upon  the  nervoiiB  system 
and  upon  the  circulatory  and  digestive  functions  have 
been  fully  set  forth  and  commented  ujion  in  tliose  chap- 
ters dealing  with  observations  on  seasickness. 

A  glance  at  the  protocols  will  convince  the  most  skep- 
tical that  seaBickness  occurring  in  normal  individuals 
throws  an  enornn^us  strain  upon  the  circulatory  raechan- 
isms  and  especially  upon  the  heart  which  more  and  more 
liae  to  assume  the  burden  of  maintaining  tlie  blood-pres- 
fluro  as  the  vaso-motor  system  Ixjcomes  exhausted.  And 
not  only  is  the  heart  overworked  but  on  account  of  failure 
of  the  digestive  functions  it  is  usuully  under-nourished 
and  frequently  even  starved.     Look  at  the  question  as  we 


may, 


whether  we  attribute  the  condition  of  the  circula- 


tion to  stuffy  cabins,  warm  weather,  the  motions  of  the 
boat  or  to  whatever  cause,  the  effect  iip^n  the  heart  are 
always  a  matter  of  grave  concern.  And  here  the  question 
arises:  If  these  things  occur  in  healthy  adults,  how  are 
the  effects  of  seasicknass  upon  the  degenerated  heart  mus- 
cle or  ujwn  a  generally  enfeebled  organism  to  be  esti- 
mated? No  one  would  think  of  allowing  an  individual 
of  middle  age  and  with  a  diseased  or  enfeebled  heart 
muscle  to  engage  in  a  physical  contest  where  the  strain 
might  be  severe  and  prolonged.  And  yet  it  is  a  common 
thing  for  those  recovering  from  protracted  or  severe  iUnese 
to  be  sent  t*>  sea  to  complete  the  restoration  to  health, 
without  the  practitioner  giving  serious  thought  to  the 
special  stmin  that  a  voyage  might  entail  upon  the  organ- 
ism and  especially  upon  the  heai-t.  Many  individuals 
past  the  meridian  of  life,  have  been  seriously  injured  by 
injudicious  travelling  on  sea.     It  is  scarcely  an  exuggera- 
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tion  to  say  that  a  large  percentage  of  the  deaths  that  occur 
at  aea  are  attributable  directly  or  indirectly  to  the  effects 
of  seasickness.  SooietinieB  it  is  said  that  seasickness  is 
not  an  unmitigat-ed  evil  and  that  in  certiiin  cases  it  may 
do  an  individual  good.  Such  a  statement  may  perhaps 
be  occasionally  permissible  for  its  psycho-therapeutic 
effect,  but  it  would  be  a  diflicult  task  to  convince  any 
unbiassed  mind  that  the  conditions  revealed  by  the  proto- 
cols representing  actual  obser\^ationfl  taken  at  sea,  could, 
in  any  way  whatever^  be  a  benefit  to  the  individual.  On 
the  contrary,  it  is  manifestly  apparent  that  they  might 
permanently  injure  him  and  in  presence  of  actual  disease, 
whether  acute  or  chronic,  so  handicap  the  patient  as  to 
seriously  mar  the  prospects  of  ultimate  complete  recovery. 

The  effects  of  Bcasiekness  ujKtn  pregnant  women  are 
frequently  alluded  to  in  the  literature,  many  cases  of 
abortion,  miscjirriagCj  and  premature  labour  lieing  cited. 
There  is  a  group  of  cases  of  amenorrho^a  which  gynecolo- 
gists attribute  to  change  of  climate.  The  condition  de- 
velops usually  in  domestics  of  foreign  l>irth  and  makes 
its  first  api>earance  when  the  individual  leaves  her  home 
to  earn  her  living  in  distant  lands.  Judging  from  the 
frequency  of  amenorrhcea  after  sea  voyages  and  remem- 
bering the  exposure  to  which  steerage  pasBeugers  when 
seasick  are  submitted  aa  well  as  the  profound  impression 
which  seasickness  makes  ujxjn  the  nervous  system  and 
indeed  upon  the  whole  organism,  it  is  perhaps  more 
reasonable  to  attribute  this  fonn  of  amenorrhea  to  the 
effects  of  seasickness  and  exposure  rather  than  to  mere 
change  of  climate. 

The  effects  of  seasickness  on  the  nervous  system  have 
been  frequently  alluded  to  in  previous  chapters.  The 
psychic  depression  is  frequently  scj  extreme,  and  c+?rebral 
function  so  complet-ely  i^erverted,  that  self-control  becomes 
an  imiK)SBibility.  Mimyof  the  numerous  cases  of  suicide 
that  CRX'ur  at  sea,  have  for  their  immediate  cause  this 
psychic  depression.  Suicide  on  land,  like  other  grave 
errors  in  conduct,  is  seldom  the  result  of  sudden  inspira- 
tion. The  thought  of  it  has  previously  l>een  entertained 
and  examined.  Comparisons  have  been  institiit^^d  and 
some  sort,  of  hy|x>tlieiical  conclusion  reached  as  to  its 
feasibility  under  certain  ci rcumstances.     Every  individual 
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ai  some  tixDe  or  other,  tarns  aver  in  Ida  mind  the  thoiigbt 
of  suicide  and  the  mental  attitude  be  assmnee  tDwaid  it, 
though  it  appears  triyial  perhaps  at  the  time,  idaj,  later 
cm,  become  a  matter  of  the  gr&Teet  import  in  condLitioiiA 
of  piychic  derangement.  Many  go  to  sea,  with  no. 
tho^jhi  of  suicide  beyond  Uieee  hyp<:»thetical  ooncluaic 
retained  as  subconscious  memories^  and  in  the  ps] 
depression  induced  by  a  mild  grade  of  seasickness,  the 
incapacitated  mind  erroneoasly  concludes  that  the  requi- 
site conditions  have  arisen  which,  according  to  previous 
reasonings,  render  suicide  feasible  and  projier.  Thus  it 
happens  that  individuals  pay  with  their  lives  the  penalty 
of  poorly  regulated  unsy^matic  habits  of  thoughts 
Thoughts  in  a  great  measure  make  us  what  we  are  and 
it  is  the  individual's  business  in  every  instance  to  see 
that  his  thoughts  do  not  tend  to  unmake  himself  or 
others. 

From  these  considerations  it  is  manifest  that  a  serious 
responsibility  rests  with  the  physician  who  recommends 
se&  voyages  in  conditions  in  which  the  *' reserve  margin" 
of  any  of  the  organs  is  encroached  upon  by  disease  or 
faulty  habits  of  living.  In  disordered  states  of  the  ner- 
vous system,  especially  where,  in  the  history  of  the  indi- 
vidual, there  is  the  least  intimation  of  manic-depreseive  ^ 
or  other  form  of  insani^,  extreme  care  should  be  taken ' 
in  recommending  sea  journeys,  if  disastrous  consequences 
are  to  be  averted. 

The  number  of  suicides  committed  at  sea,  and  the 
carelessness  with  which  unfortunates  suffering  from  sea- 
sickness are  treated  is  a  disgrace  to  civilized  humanity. 
The  lonely  individual  suffering  inner  torments,  as  the 
result  of  repeated  labyrinthine  irritations,  wanders  about 
in  a  state  of  mental  agony,  not  knowing  what  is  the  mat^ 
ter  with  him,  nor  how  to  properly  orient  himself  in  the 
whirl  of  his  disordered  imaginings.  Instead  of  receiving 
proper  medical  treatment  which  would  include  close 
supervision,  and  a  goodly  amount  of  reassurance,  such  an 
individual  is  left  severely  alone,  with  the  result  that 
relief  from  mental  distress  of  purely  artificial  origin  is 
sought  in  self'destraction. 

Although  much  has  l>een  done  in  recent  years  to  im- 
prove  the  general  conditione  of  travelling  at  sea,  yet  veiy 
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little  has  been  done  to  alleviate  the  distresB  of  those 
suffering  from  seasickness.  The  blame  for  this  does 
not  perhaps  wholly  lie  at  the  door  of  the  ship-owners, 
since  so  little  has  been  hitherto  definitely  understood 
about  the  malady,  Howeverj  the  fact  remains  that  the 
hospital  on  ship  board  is  generally  located  in  the  stem, 
over  the  propeller,  where  the  motions  of  the  boat  have  the 
most  sickening  effect  and  where  the  jolting  of  the  ma- 
chinery is  a  constant  cause  of  continued  distress.  The 
sick  and  suffering  are  committed  to  such  quarters  when 
their  condition  has  become  extreme.  Moreover,  one 
physician  can  hardly  be  expected  to  properly  look  after 
the  needs  of  two  or  three  thousand  persons.  In  addition 
ship  surgeons  should  receive  special  training  so  as  to 
thoroughly  understand  the  effects  of  seasickness  upon  the 
physiological  economy ,  that  they  may  be  enabled  to  treat 
intelligently  not  only  seasickness,  but  all  other  illnesses 
that  may  arise  during  a  voyage.  Medical  colleges  also 
should  give  instniction  on  tliis  subject  which  is,  at  least, 
as  important  to  tlie  general  medical  man  as  *' insurance 
examination"  and  other  subjects  at  present  receiving 
special  attention. 

It  se<3m8  strange  that  in  this  age  of  magnificent  philan- 
thropy, no  one  has  seen  fit  to  inquire  into  this  matter, 
with  a  view  to  improving  the  hospitiil  facilities  on  ocean 
liners  and  the  quantitative  and  qualitative  efficiency  of 
the  medical  attendants.  At  the  present  time,  i>erhaps,  no 
other  field  offers  such  great  opjiortunitJes  for  the  relief  of 
human  suffering  nnd  the  promotion,  on  a  large  scale,  of 
the  comfort  of  the  many  both  rich  and  poor  alike. 

The  possibility  of  seasickness  resulting  in  subacute 
or  chronic  impairment  of  the  digestive  functions  and 
even  in  chronic  inflammatory  conditions  of  the  gfistric 
mucosa  has  been  referred  to  in  a  previous  chapter.  The 
extreme  degree  of  protracted  congestion  of  the  alidominal 
viscera  undoubtedly  may  cause  a  predisposition  to  vary- 
ing grades  of  inflammation  not  only  in  the  stomach,  but 
also  in  other  organs.  It  is  very  probable  that  prolonged 
congestion  of  thi^  ovaries  is  an  imi>ortant  factor  in  caus- 
ing the  anienorrho^a  that  follows  seasickness* 

The  effect  of  seasickness  upon  the  nervous  Bystem 
often  manifests  itself  in  diaturbances  in  the  growth  and 
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nutrition  of  the  hair  which  often  tends  to  fall  out  during 
a  voyage  and  frequently  remains  sickly  and  ''unman- 
ageable^' for  some  time  after  the  journey  has  ended.  The 
general  effect  upon  the  nervous  system  is  also  reflected  in 
the  obstinate  constipation  which,  however,  involves  other 
factors  such  as  deprivation  of  food,  failure  of  gaetro-intee- 
tinal  motility,  etc.  During  the  height  of  an  attiick  of  sea- 
sickness the  urine  is  also  diminished  and  concentrated^ 
due  in  part,  to  deprivation  of  liquids,  failure  of  absorp- 
tion or  lx>th,  and  in  part  to  diaturbance  of  the  nervoufl 
and  circulatory  mechanisms. 

It  has  been  frequently  stat-ed  that  *' colds'*  are  an  un- 
usual thing  at  sea.  Barker  "*  states  that  he  bae  known 
them  to  have  occurred.  It  is  a  fact,  however,  that  they 
are  unusual.  SubjbKit  '*B''  of  these  studies  has  never 
'* caught  cold"  at  sea,  although  it  has  been  his  custom  to 
sit  on  di?ck  without  extra  clothing  in  all  sorts  of  weather. 
Indeed  it  has  l>een  his  experience  that  if  he  "had  a  cold** 
going  on  hoard,  it  rapidly  disappeared  in  a  short  time 
after  putting  out  to  sea. 

One  thing  should  always  be  remembered  by  those 
whose  means  do  not  permit  them  to  travel  in  a  separate 
stateroom,  and  that  is,  that  contact  is  usually  very  close 
between  the  occupants  of  the  same  cabin,  so  that  if  one 
oct!upant  is  affected  with  a  communicable  disease,  the 
others  may  possibly  become  infected.  At  the  present 
time  quarantine  BUpervision  is  so  strict,  and  the  laity 
know  so  much  about  disease,  that  infection  occurring  in 
this  way  must  be  exceedingly  rare,  and  yet  first-hand 
evidence  convinces  us  that  there  is  such  a  possibility,  Ae 
late  as  the  autumn  of  1906  a  gentleman  in  a  hurry  to  get 
back  to  the  Unitt'd  States  foimd  it  difficult  to  procure 
accommodation  in  the  first  class,  lie  t^4egrflphed  to 
various  lines,  and  finally  was  pleased  to  leai-n  that  a  cer- 
tain line  had  a  vacancy  which  he  imraediat-ely  secured. 
On  the  first  night  out  at  sea,  he  found  the  cabin  small 
and  occupied  by  four  full-grown  men.  One  of  the  occu- 
pants coughed  all  night  so  that  sleep  was  impossible 
except  in  snatches.  This  annoyance  wa^  borne  in  a 
good-natured  way  by  the  occupants  of  the  cabin,  but  early 
daylight  revealed  the  uncomfoit^ible  fact  that  the  indi- 
vidual with  the  cough  was  an  imdoubted  victim  of  pul- 


monary  tuberculosis,  and  what  was  still  worse,  that  he 
acted  aa  though  h©  wae  utterly  unaware  that  he  was  a 
menace  to  hia  fellow  room-niates.  Application  was 
quietly  made  to  the  purser  but  without  redress.  The  cap- 
tain waa  then  approached,  and  to  his  credit  be  it  said 
that  ho  did  everything  in  his  jK)wer  to  relieve  the  situa- 
tion. The  hospitiil  was  placed  at  our  American  friend's 
disposal,  but  as  he  was  veiy  prone  to  seasickness  he 
feared  the  excessive  motion  and  the  vibration  from  the 
machinery,  for  the  hospital  was  located  Just  alxjve  the 
proi>eller.  The  printers'  room  was  next  suggested.  In- 
vestigation showed  a  state  of  affairs  that  precluded  it 
from  acceptance.  Finally  with  the  aid  of  the  ship's  car- 
penter a  bed  was  arranged  over  a  bath-tub  in  a  clean, 
wholesome  bathroom.  During  the  remainder  of  the  voy- 
age, the  sick  man  coughed  and  coughed^  and  apparently 
never  made  the  slightest  attempt  to  intercept  his  column 
of  spray  at  times  i>ainfully  visible  in  the  light  that 
streamed  from  the  port-hole.  His  two  roommates  had  to 
make  the  most  of  the  situation,  although  one  of  them  was 
fully  aware  of  the  danger,  for  he  himself  hiid  been  a  vic- 
tim of  tuberculosis,  and  was  then  actually  returning  from 
a  protracted  sojourn  on  the  Italian  Rivierftj  whither  he 
had  gone  to  rid  himself  of  the  disease.  Another  impor- 
taut  fact  is  that  this  tuberculosis  victim,  the  one  who 
coughed  constiintly,  was  a  steady  reader.  Brjok  after 
fot>ok  came  to  him  from  the  ship's  library  to  be  thumbed 
and  coughed  uix>n  from  cover  to  cover.  This  should  sup- 
ply food  for  thought  for  travellers  accustomed  to  delving 
into  the  volumes  of  the  ship's  library.  It  may  be  true 
that  colds  are  unusual  at  sea^  but  close  contact  for  whole 
nights  in  email  stuffy  cabins  with  closed  port-holes, 
backed  by  the  depression  and  exhaustion  that  accompany 
seasickness,  render  infection  an  easy  matter  under  such 
conditions  as  those  just  related. 


CHAPTER  XXXV 

HOW   RECOVERY  FROM  SEASICKNESS  TAKES  PLACE. 
OUTLINES   OF   TREATMENT 


The  manner  in  which  recovery  from  eeaeicknesa  takes 
place,  merely  illiiat rates  tho  wonderful  adaptability  of  the 
organiBra  to  circumBtancee  and  conditions.  The  cerebral 
cerebellar  and  medullary  centres  become  accustomed  to 
the  degree  and  rhythmieity  of  the  labyrinthine  stimuli  to 
euch  an  extent  that  the  cerebral  centres  are  no  longer 
preoccupied  and  perturbed  by  tho  unaceuat-omed  irre^- 
lar  activitiBB  of  the  cerebellar  functions  of  equilibration 
and  cease  to  hamper  the  latter  by  attempts  at  compensa- 
tion, thereby  permitting  the  cerebellar  mechanisms  to 
readjust  themselves  to  the  new  conditions.  The  medul- 
lary centres/having  somewhat  recovered  from  the  Bnrprise 
of  unaccustomed  stimuli,  proceed  with  the  business  of 
carrying  out  their  proper  functions  regardless  of  afferent 
labyrinthine  impressions  of  the  particular  degree  and 
rhythmieity  experienced.  Recovery  does  not  take  place 
by  the  labyrinthine  receptors  becoming  '* accustomed  to 
the  motions  of  the  endt^Iymph''  as  some  authors  assert. 
It  is  in  the  nerv^oue  centres  that  the  readjustments  take 
place  which  are  responsible  for  the  recovery,  just  as  it  is 
in  the  centri's  and  not  at  the  periphery  linger  those 
impressions  which  are  responsible  for  the  existence  of 
sea-legs  upon  shore  for  many  days  aft^er  a  voyage  has 
ended. 

In  eeastckness  as  in  other  ailments,  the  great  desid* 
eratiim  of  the  profession  and  laity  is  the  prophylaxis. 
From  the  experiments  and  obsen^ations  set  forth  in  these 
pages  and  from  an  extensive  extwrience  with  the  malady 
at  close  range,  it  is  safe  to  assert  that  seasickness  can,  in 
most  instances,  he  effectively  prevented  by  the  adoption  of 
judicioua  measures,  supported  in  certain  casea  by  the  use 
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of  certain  drugs  administered  with  proper  precaution  as 
to  timCj  dosage,  age  of  the  patient,  etc.  Healthy  indi- 
viduals might  perhaps  be  permitted  to  procure  and  use 
such  drugSj  but  the  practice  is  not  in  all  cases  to  be  recom- 
mended, the  chief  reason  being  that  in  certain  dieefleed 
conditions  of  the  organs  and  in  certain  phases  of  seasick- 
ness drugs  and  circulatory  stimulants  of  any  kind  may  be 
contraindicated. 

Theoretically,  the  first  indication  in  the  prophylaxis 
is,  of  course^  to  lower  the  irritability  of  the  labyrinthine 
nerve  terminals  or  of  the  veatibulo-cerebellar  mechanisms. 
It  must  be  confessed  that  in  the  trials  made  thus  far,  no 
safe  drug  has  been  found  to  meet  this  indication.  More- 
over physiological  considerations  lead  to  the  belief  that 
such  a  drug^  if  foimd,  might  be  of  doubtful  benefit  as  a 
pure  preventative,  however  it  might  otherwise  help  in  the 
actual  treatment  of  seasickness.  Failing  to  prevent  those 
irritations  of  the  labyrinthine  receptors  the  next  indica- 
tion is  to  prevent  their  pernicious  effects  upon  the  cere- 
bellar, medullary^  and  cerebral  centres.  Here  many 
measures  are  available  including  general  hygienic  meas- 
ures preparatory  to  the  voyage,  mental  quiet,  attention  to 
the  gastrointestinal  functions  and  the  employment  of 
drugs,  especially  atropin  or  hyoscyamin  preferably  by  hy- 
podermic administration.  These  drugs,  however,  should 
not  be  used  indiscriminately  nor  continuously.  Bro- 
mides have  little  to  recommend  them.  The  use  of  co- 
cain  is  contraindicated.  Clinical  and  experimental  re- 
sulta  obtained  in  seasickness  and  in  rotation  sickness, 
and  the  peculiar  ei^ect^  pr<:jduced  by  the  dnig  upon  ani- 
mals in  which  it  causes  mafi^ge  (circus)  movements,  lead 
to  the  belief  that  cocain  predisposes  the  organ it?na  to  sea- 
sickness. In  one  instance  at  least  the  adininistration  of 
cocain  by  a  dentist  has  led  to  all  the  phenomena  pecul- 
iar t<:)  profound  labyrinthine  disturbance  (Kocnig"*). 
The  size,  location,  and  ventilation  of  the  cabin  or  suite 
has  an  imjwrtant  bearing  in  prophylaxis.  The  avoidance 
of  hurry  previous  to  going  on  board  and  congenial  adapta- 
tion to  the  new  environment^  are  a  distinct  help  in  preven- 
tion, whilst  rest  in  recumlwncy  has  been  justly  advocated 
in  all  times.  Light  and  easily  digested  fotjd,  taken  in 
moderation,  and  under  conditions  most  favourable  to 
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digestion,  is  of  benefit.  Hypnotic  suggestion  as  a  pre- 
ventative and  even  as  a  means  of  treatment  of  a  present 
attack  haa  been  tried  with  varying  success.  Beard*' 
b€4ieved  that  it  could  prevent  rotation  sickness.  Experi- 
ence with  hypnotism  in  the  experiments  in  rotation,  and 
aural  irrigations  shows  conclusively  the  limited  benefit 
that  is  to  be  expected  fi-om  suggestion  in  these  conditions 
and  in  true  (somatic)  seasickness.  Where  the  psychic 
factjor  predominates^  or  seems  to  be  the  chief  source  of 
distress,  hypnotism  is  of  undoubted  benefit;  but  where 
the  condition  is  one  of  true  (somatic)  seasickness  caused 
by  labyrinthine  irritation  little  can  be  expected  from 
hypnotic  suggestion  beyond  the  alleviation,  to  a  certain 
extent,  of  diBturbances  arising  from  some  of  the  secondary 
sources  of  irritation.  In  this  respect^  tlierefore,  hypno- 
tism has  a  value  in  true  seasickness  that  put8  it  on  a  par 
with  the  thousand  and  one  remedies  that  have  been  put 
forv^^ard  by  writers  from  time  immemorial  as  sure  and 
certain  cures.  It  is,  however,  very  questionable  whether 
the  influence  tjf  post-hypnotic  suggeBtion  woidd  continue 
sufficiently  long  even  in  cases  of  so-called  psychic  nau- 
pathia  to  be  of  lasting  benefit.  Hence  it  would  be  neces- 
sary to  have  the  individual  hypnotized  again  and  again  at 
frequent  interi'^als  and  the  suggestions  repeated.  These 
and  like  considerations  lead  to  the  conclusion  that  hypno- 
tism has  a  limited  field  of  usefulness  in  seasickness,  and 
that  it  is  perhaps  a  therapeutic  resource  which  should  be 
reserved  to  meet  certain  indications  only.  This  does  not 
mean,  however,  that  ordinar}'^  methods  of  suggestion 
should  not  Ije  utilized  to  brighten  and  enliven  prospective 
and  actual  travellers.  Suggestion  is  a  potent  means  of 
breaking  up  the  vicious  train  of  secondary  psychic 
phenomena  and  should  be  made  the  most  of  under  all 
conditions  and  at  all  times. 

Various  devices  have  been  employed  to  prevent  sea- 
sickness. Swinging  beds  have  been  used,  but  evidently 
little  benefit  wiis  obtained^  for  their  use  has  been  aban- 
doned. Since  the  introduction  of  the  mono-rail  system 
of  railway,  various  suggestions  have  been  made  to  apply 
the  principle  of  the  gyrtjscope  so  as  to  obviate  the  rolling 
motions  of  ships  at  sea  and  thereby  to  prevent  seaeick- 
nesB.     It  is  difficult  to  seo  in  what  way  such  a  thing  could 
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be  effected  so  aa  to  restrain  all  the  movements  of  a  ship, 
but  stranger  things  have  come  to  pass,  and  one  ne%'er 
really  knows  what  can  be  done  until  some  genuine  attempt 
is  made. 

The  treatment  of  an  actual  attack  of  Beasickness  re- 
solves itself  into  combating  the  effects  of  primary  labyrin- 
thine irritations  upon  the  cerebellar,  medullary  and  cere- 
bral centres  and  m  eliminating,  as  far  as  possible,  all 
secondary  sources  of  irritation.  In  most  cases  seasick- 
ness is  protracted  and  aggravated  by  bad  management. 

Atropin,  given  preferably  h3?podermically,  has  been 
found  to  counteract  the  psychic  depression  that  accom- 
panies seasickness.  In  addition,  by  its  action  in  depress- 
ing the  sensory  nerve  terminals  all  over  the  body,  and 
especially  in  the  stomach  and  intestine,  it  effectively 
cuts  off  afferent  irritating  impulses  which  are  such  promi- 
nent secondary  sources  of  distress.  By  its  well-known 
action  upon  the  medullary  centres  atropin  can  be  of 
wonderful  service  in  regulating  to  a  certain  extent,  some 
of  the  circulatory  disturbances  incidentiil  to  seasickness, 
but  the  observations  on  the  circulation,  as  shown  in  the 
protocols,  indicate  that  in  protracted  voyages  and  where 
vaso-motor  exhaustion  has  already  set  in^  atropin  or  any 
method  of  stimulation  has  to  be  used  with  caution. 

The  stomach  is  the  most  important  of  the  secondary 
sources  of  irritation  in  seasickness.  The  care  of  this 
organ  in  seaBickness  differs  in  no  wise  from  the  care  that 
ehould  be  accorded  it  in  conditions  of  acute  or  subacute 
gastritis  on  shore.  It  has  been  shown  that  an  extreme 
degree  of  congestion  of  the  gastric  mucous  membrane  is 
present  in  seasickness,  hence  the  stomach-tube  should  not 
be  used  at  all,  or  used  only  with  extreme  caution.  The 
liberal  blood-supply  of  the  gastric  submucosa  and  the 
existence  of  the  (esophageal  plexus  of  veins  should  be 
remembered.  Slight  trauma  in  these  regions  has  been 
followed  by  fatal  hemorrhage,  and  fatal  gastric  hemor- 
rhage has  been  known  to  occur  in  seasickness  and  other 
conditi<ms  in  which  violent  vomiting  occurs.  Hence  if 
the  stomach  needs  to  lie  washed  out  it  is  best  to  have  the 
patient  drink  warm  water  with  some  harmless  alkali 
(bicarlx)nateof  soda)  dissolved  in  it.  This  solution  helps 
to  separate  the  masses  of  mucus  from  the  gastric  walls. 
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and  it  is  readily  vomited.  During  the  acute  stag^  of 
gastric  irritation  food  of  every  kind  is  contra  indicated  for 
a  short  period.  Later  on  liquid  nourishnif^nt  may  be 
given  tentatively.  It  is  important  to  get  the  patient  to 
take  food  aa  early  aa  practicable,  and  of  the  different  food- 
stiiff»  the  firet  preference  should  be  given  to  some  digesti- 
ble form  of  the  carbohydratee.  The  absence  or  reduction 
of  free  HCl  noted  in  the  analyses  of  the  various  test 
meala,  renders  it  inadvisable  to  give  meat  in  any  quan- 
tity, until  the  stomach  functions  are  fairly  reestablished. 

In  certain  conditions  extracts  of  the  gastric  iiiucosa 
or  meat-extracts  such  as  beef-tea,  etc.»  will  find  indica- 
tion. These  extracts  may  be  given  per  os  or  per  reef  urn. 
It  is  not  advisable  to  administer  them  intravenously  or  by 
bypodermoclysis,  as  in  the  author's  experimental  trials 
the  subjects  were  invariably  affected  with  fever  and  symp- 
toms similar  to  those  of  serum  sickness.  Undoubtedly 
in  many  instances  the  extracts  may  do  good,  especially  in 
conjunction  with  atropin  and  strychnin  in  grave  casea, 
both  on  sea  and  land,  where  the  restoration  of  gastric  and 
intestinal  function  is  urgently  demanded.  It  is  to  be 
added,  however,  that  in  some  of  the  tests  in  which  atro- 
pin had  not  been  previously  administered  the  extracts 
seemed  to  add  to  the  irritability  of  the  gastric  mucoaa 
aggravating  the  subject^s  distress. 

Constipation  may  be  obviated  by  a  judicious  use  of 
cathartics  in  ordinary  cases.  The  hormones  (peristaltic 
hormone  of  Zuelzer)  have  been  used  on  shore  for  the 
relief  of  constipation  in  various  conditions  (Zuelzer,*" 
Saar,'^^  linger,**^  and  others)  and  much  is  to  be  hoped 
from  their  use  in  seasickness,  especially  when  combined 
with  the  other  measures  recommended,  viz.,  atropin, 
etc.  It  is  earnestly  to  be  hojwd  that  some  preparation  of 
secreting  hormone  adapted  to  h>^x>dermic  or  intramus- 
cular administration,  will  be  forthcoming  soon,  aa  the 
author's  experiments  have  led  him  to  believe  that  the 
hormones  will  prove  a  decided  help  in  the  treatment  of 
severe  cases  of  seasickness. 

Disordered  circulation  is  another  great  secondary 
source  of  irritation  in  seasickness.  In  order  to  meet 
properly  the  indications  imder  this  head,  frequent  ob- 
servations of  the  pulse  and  blood-pressure  should  be 
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made.  The  physician  should  thoroughly  understand  the 
peculiarities  of  the  individual's  circulatory  mechanisms. 
In  any  individual  over  forty,  and  in  persona  who  have 
been  a  bon  irivauts  all  their  lives,  the  greatest  care  has  to 
be  taken  tcj  avoid  injury  to  the  cardiac  musculature. 
Such  individuals  should  not,  under  any  circumstances, 
undertake  a  journey  upon  tlie  seas,  without  consulting 
their  physicians  on  shore,  who  should  carefully  instruct 
them  regarding  matters  calculated  to  affect  the  present  or 
future  efficiency  of  the  heart.  Rest  in  bed  maybe  the  in- 
dication when  the  circulatory  function  has  been  carefully 
studied.  The  patient  may  chafe  at  this,  but  in  common 
honesty  he  should  be  instructed  as  to  the  consequences. 
Few  individuals  would  be  willing  to  barter  years  of 
health  and  ethciency  for  the  gratification  of  going  upon 
deck  to  show  what  good  sailors  they  are.  And  yet  that 
this  must  be  a  matter  of  frequent  occurrence  may  be 
readily  deduced  from  a  careful  study  of  the  figures  given 
in  the  protocols.  As  before  stated,  the  conser\^ation  of 
the  individuates  health  in  regard  to  this  matter  rests  in  a 
great  measure  upon  the  instructions  given  by  the  medical 
adviser  on  shore.  As  the  circulation  improves  measures 
calculated  to  benefit  the  general  condition  may  be  em- 
ployed with  care.  Cold  bathing  should  always  be  pro- 
hibited until  a  study  of  the  circulation  shows  that  it  is 
permissible.  The  same  has  to  be  said  of  exercise  and  of 
any  remedy  that  tends  to  stimulate  the  cardio-vasciilar 
apparatus.  So  long  as  there  is  evidence  of  exhaustion  in 
the  neuro- vascular  mechanisms,  circulatory  and  vaso- 
motor stimulants  are  contraindicated.  Fresh  air  is 
always  of  importance,  though  this  does  not  necessarily 
imply  that  the  patient  is  to  have  a  cold  air  bath.  The 
protocols  show  what  a  depressing  effect  upon  the  neuro- 
vascular apparatus  a  hot  cabin  may  have,  and  where  tlie 
object  is  to  prevent  strain  and  injury  to  the  heart.,  the 
temperature  of  the  cabin  should  be  regulated  as  far  as 
possible,  and  by  artificial  means  if  necessary. 

The  other  sources  of  secondary  irritation  in  seasick- 
ness are  the  eyes,  the  ears,  the  olfactory  organs,  the 
psychic  cerebral  areas,  the  spinal  cord,  and  the  general 
peripheral  sensory  terminations.  In  the  condition  to 
which  seasickness  may  reduce  any  individual,  the  active 
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functioning  of  any  of  these  organs  may  be  a  source  of 
depression  and  distrefis.  Thus  the  prolonged  use  of  the 
eyee  is  to  be  forbidden  as  in  reading  steadily.  Noises 
also  should  l>e  suppressed.  Offensive  odours  are  to  be 
avoided,  and  this  makes  one  wonder  why  gentlemen  will 
smoke  on  deck  where  the  odour  they  create  sends  shivere 
down  the  spines  of  delicate,  suffering  women.  Anything 
that  tends  to  unduly  arouse  the  emotions,  or  to  evoke  a 
prolonged  train  of  serious  thought  should  be  avoided. 
The  brain  should  be  rested  as  much  as  possible,  and  the 
individual  placed  in  the  most  agreeable  and  inexacting 
surroundings.  It  frequently  happens  that  in  certain 
stages  of  seasickness  the  sexual  desire  is  exalted  out  of 
proporti^m  to  the  actual  power  of  the  individual.  Under 
such  circumstances  attempts  at  intercourse  should  be 
prohibited. 

From  the  results  obtained  in  rotation  sickness,  the 
conclusion  was   reached   that  hyoscin   should   never  be 
used  in  seasickness.     Morphin  was  also  found  to  have 
disjigreeable  effects  notwithstanding  its  effect  in  enhanc- 
ing the  circulatory  function.     Any  dnig  or  remedy  that 
tends  to  depress  the  medullary  centres  should  be  avoided 
in  seasickness  and  those  drugs  and  measures  which  tend 
to  stimulate  these  centres  must  be  used  wuth  caution  and 
with  due  respect  to  the  condition  of  the  centres  at  the 
time,  i.e.,  wliether  they  are  in  a  state  of  exhaustion  from 
overirritation  or  merely  in  a  state  of  lethargic  inactivity. 

The  gyroscope  has  been  mentioned  as  a  jx^ssible  means 
of  preventing  seasickness  by  restraining  the  movements 
of  the  ship  as  a  w'hole.  In  the  actual  treatment  of  sea- 
sickness or  of  any  serious  illness  at  sea,  the  principle  of 
the  gyroscope  might  be  applied  in  conjunction  with  a 
swinging  deck  or  compartment.  Thus,  for  instance,  a 
swinging  hospital  steadied  by  revolving  fly  wheels,  might 
be  maintained  on  every  large  steamer  for  tliose  who  nia}^ 
be  dangerously  ilh  Such  a  contrivance  if  pmcticable, 
would  also  render  surgical  procedures  at  sea  nuich  safer 
than  they  are  at  present  and  would  aid  convalescence  ma- 
terially besides  reducing  the  patiente^  suffering  t^  a  mini- 
mum. Recently,  a  system  of  U  tubes  or  tanks  devised  by 
Frahm  has  been  tried  on  some  of  the  ships  in  the  German 
navy.     The  reports  indicate  that  the  rolling  of  the  vessels 
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was  considerably  reduced.  Whether  the  use  of  such  tubes 
will  prove  effective  in  preventing  seasickness  is  a  matter 
for  further  research.  Such  devices  need  not  necessarily 
completely  stop  all  rolling  or  movement  of  the  boat,  as  it 
will  materially  aid  sufferers  at  sea  if  the  sudden  stops 
and  starts  in  tiie  ship's  movements  be  eliminated  or  even 
partially  restrained. 
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Fibres  of  the  cerebellum,  45-           ^H 

Eyeball,  antero-posterior  axis 

H 

of  the,  and  rotary  nya- 

of  the  corpus  striatum,  73            ^^1 

ta^rmus,  199 

of  the  corpus  subthalami-            ^H 

centre  of  rotation  of,  203 

com,  67                                        ^H 

muscular  apparatus  of,  2)03 

of  the  inferior  colMculi,  53            ^^M 

Eyebatls,  movements  of  the, 
320 

of  the  inferior  olivary  nu-            ^^M 

cleus,  54                                        ^^H 

protrusion  of.  292 

of  the  lateral  fillet.  52                   ^H 

Eyes,  adjustments  of  the,  327 

of  the  lateral   ereniculate            ^^M 

conjug'ate    movements  of 

body,  52                                       ^M 

the.  48 

of  the  mammillary  nucle>            ^^H 

conju  grate    deviation     of. 

us,  68                                           ^M 

H          288,  317 

of  the  median  geniculate            ^^M 

^H      direct  movements  of,  316 

bodies,  54                                    ^^1 

^H      effects   of  rotation    upon 

of  the  mesial  fillet,  49                    ^ 

■           the,  19S-206 

of  the  optic  thalamus,  62 

^H       exclusion    of    the    lateral 

of  the  pontine  nucleus,  59 

^H           movements  of,  240 

of  the  red  nucleus,  60 

^H       fibres  from  the,  95 

of  the  rhinencephalon,  72 

^M       jumping  of  the.  216 

of  the  substantia  nig:ra. 

^M       lateral  movements  of*  315 

67 

^B       limited  rotation  of,  315 

of  the  superior  colliculi,  51 

^B      movements  of  the,  W 

of  the  superior  olivary  nu- 

^^      movements  of ,  in  response 

cleus.  56 

[                to  loud  sound,  15 

of  the  vestibular  nerves. 

^_        nystag'mic  movements   of 

40-43 

H           the,  205 

of  the  worm,  58 

^M       rotation  of.  271 

Fifth  nerve,  a   mixed  nerve. 

^m       study  of  deviation  of.  2S6 

28 

H       tumingr  of  the.  313 

chief  motor  nucleus  of,  28 

^H       voluntary  control  of  rotary 

connections  of  motor  part 

^P           movements  of,  240 

of.  29 

W 

connections  of  sensory 

part  of,  28 

Facial  musclef,  motor  inner- 

fibres of,  28 

vation  of.  31 

motor  fibres  of,  29 

Facial  nerve,  motor  and  sen- 

sensory nucleus  of,  28 

sory  root  of,  12 

Fila  anas  torn  ica.  12 

nucleus  of.  25 

Fishes,    vestibular   nerve  of. 

Fasciculus,  definition  of  a.  79 

20,  71 

Fasciculus  retrofiexus  of  Mey- 

optic  fibres  of,  21 

^^         nert.  origin  of,  65 

Flechsig-,  tract  of,  43 

^^^^&n^^^^^^^^D?D^^^^^^^^^^i 

^H              Flocculus*    irritation   of   tbe^ 

Gastric    congestion    in  aaral 

H                         292.  301 

irrigations,  177 

^H                Food,  active  absorption  of.  234 

Gastric  crises  of  tabetic  ori* 

^H                      improperly  di^ested^  167 

gin,  irrigations  of  little 

^H               Foramen  of  Magendie.  situa- 

effect  in.  246 

^H                         tion  of.  59 

Gastric    disturbances,    origin 

^H               Foramina  nervosa,  13 

of,  182 

^H               Foramina  of  Luschka,  59 

Gastric    glands,    secretory 

^H               Forel.  decussation  of,  61 

fibres  for.  101 

^M                      field  of,  67 

Gastric  juice,  secretion  of  nor- 

^H              Format! 0   reticularis,  periph- 

mal,  172 

^H                         ery  of  lateral  field  of.  41 

Gastric  motility,  testing,  234 

^■^         Formatio    reticularis    grrisea. 

Gastric     mucous     membrane, 

^^B                   cells  of.  44 

congestion  of.  181 

^^^V               traversed  by  sensory  root. 

secretion    of    fluid    by, 

^^^                        32 

175 

^H               Fossa  sutciformis,  position  of 

Gastrin,  171 

^B                         the,  3 

Geniculate   ganglion,    inflam- 

^H              Fourth    nucleus,   position   of. 

mation  of,  30 

H 

situation  of,  29 

^H               Fovea  vai^i.  32 

Gennari.    the   white   line  of, 

^H                Frenulum  veli,  27 

78 

^H               Fro^.  decerebrate,  jumpiner  of. 

Glasserian  fissure,  30 

■                         54 

Globosus,  part  of  nucleus  den- 

^H               Frofirs,  section  of  the  horizon- 

tatus.  68 

H                          tal  canals  of.  126,  127 

Globus  pallidus,  67 

^B               Frontalis  muscles,  31 

Glosso-pharyngeal       nerve, 

^M               Fronto-cerebellar   tract,    con- 

fftimulation  of  the,  166       ' 

^M                          stituents  of,  59 

Golgi  method,  use  of,  79 

^H               Fundi c  musculature,  contrac- 

Golgi-Mazzini    organs,    struc-    ' 

H                           tion  of,  180 

ture  of,  85 

^H               Fundus  ocuit,  changes  that  oc- 

GoM,  fasciculus  of,  82 

^M                         cur  in  the.  during  reta- 

Gowers' tract,  description  of, 

il                           tions,  206 

83 

fibres  from,  46 

^H               Galvanic  current,   effects   of, 

Grey  matter,  cells  of,  86 

^H                           upon    the     semicircular 

Grey  matter  of  the  cerebel- 

H                         canals,  268-272,  279 

lum,  57.  58 

^H               Galvanic    stimulation    of   the 

Grey  rami,  100                              ^ 

^H                         cervical      sympathetic. 

Grey  root  of  the  optic  nerves. 

■                          109 

69 

^H               Galvanism,  mechanism  of.  288 

Gudden,  fibres  of  inferior  com- 

^V              Galvanization  of   the  sympa- 

missure  of,  54 

■                           the  tic  in  the  neck.  261 

Gyrus  fornicatus,  anterior  por- 

^1               Ganglion   trunci   vagi,   homo- 

tion  of.  78 

H                          logues  of,  36 

^M                Ganglionectomy,    general   ef- 

Habenulo-peduncular  tract,  fi- 

B                         feet  of.  109 

bres  of  ,65 

^H               Gasserian  ganglion,   contents 

Hair  cells,  cylindrical,  descrip- 

■                        of,  28 

tion  of,  10 

^M                      inflammations  of,  30 

Head,  deviations  of,  in  rota- 

^B                     removal  of,  30 

tions,  277.  278 

^^^^^                      INDEX                       ^^sS^^^B 

Head,  fibres  for  glands,  blood- 

Hypnotism  as  a  curative  agent           ^H 

^k          vessels,  and  plain  muBcJe 
■          of  the.  100 
^       ganglia  of,  98 

in  al \  sorts  of  conditions,            ^^1 

1S3                                               ^M 

Hypoglossal    nerve    (the            ^^H 

turning  of  the,  313 

twelfth),  a  pure  motor           ^H 

Head  movernent,  centres  for, 

313 
Heart,  accelerator  fibres  for, 

nerve,  35                                     ^H 

Impulses,  inhibitory,  paths  of.            ^H 

102 

tn  cord,  92                                   ^H 

Helweg,  fasciculus  of,  82.  83 

from  semicircular  canals.            ^H 

fibres  from,  55 

^m 

Helweg's    bundle,  connection 

in  spinal  cord,  paths  of.  92            ^^H 

of,  42 

mutual  reinforcement  of.            ^^H 

Hemisphaerium,  the.  69 

^M 

Herpes  zoster,  orig-in  of,  31 

reflex,  paths  of.  in  cord.  92            ^H 

of  the  tympanum.  30 

sen  so  ry  paths  of ,  i  n  cord .  92            ^H 

Hippus.    the    study    of.    250. 

Inferior    cerebellar     commis-             ^^M 

251 

sure,  bundles  of,  58                    ^H 

Homolateral     pupillary     con- 

Inferior coUicoli,  connections            ^H 

striction.  261 

of  the,  5^                                     ^H 

Horizontal  canal,  openings  of 

efferent  fibres  of,  53                      ^^M 

the,  4 

Inferior    colliculus,     cochlear            ^^M 

Horizontal     nystagmus,     195. 

paths  to  the,  56                          ^H 

278.  295 

neurones  of  the,  16                        ^H 

^L       movements   of,    195.    199, 
V           2O0,  242.  30O,  301 

Inferior    frontal   convolution,             ^^H 

cortex  of,  26                               ^H 

Hot    irrigation  a,    effects    of. 

Inferior    medullary    velum,            ^^M 

upon  the  left  ear,  237 

white  matter  of,  69                    ^^1 

Human    cerebellum,    develop- 

Inferior olivary  nucleus,  con-            ^H 

ment  of,  48 

nections  of  the.  54-56                 ^H 

Hydrochloric  acid,  effect  of. 

Inferior  olive,  fibres  from,  55            ^H 

upon  gastric  stasis,  174 

lesions  of.  42                                    ^^| 

Hyoscyamin,  effect  of,  in  rota- 

relation  of.  44                                ^^M 

K          tion,  187.  138 
^V       use  of,    in   counteracting 
effects  of  rotation  sick* 

Inferior     peduncle,     efferent            ^^M 

cerebellar  tracts  by  way            ^^M 

of  the.  96                                     ^H 

ness,  191 

paths  through  the.  94,  95             ^H 

Hypnosis,  before,  during,  and 

section  of,  314                                ^H 

after    irrigations,     212- 

study  of,  314                                     ^H 

218 

Inhibition,  intimate  nature  of,            ^^M 

waking.  184.  213 

122                                                  ^1 

Hypnotic   state,   after-effects 

period  of,  300                                  ^M 

of.  185 

seat  of.  122                                      ^M 

Hypnotic    suggestion,    as    a 

state  of.  294,  295                            ^H 

^B           means  of  counteracting 

Inhibitory  impulses,  92                        ^^M 

^B           irrigation  sickness,  219 

Internal  auditory  arterj%  37                 ^^H 

^H       disturbances  of  equilibri- 

Internal    auditory  vein,  blood            ^^B 

^H          um  following  irrigations 

returned  by,  37                             ^^M 

^^1          compensated  by.  218 

Internal  cerebellar  nuclei.  57            ^H 

^B      notes  taken  of  the  effect 

Internal  rectus,  inhibition  of.            ^H 

^H          of.  in  aural  irrigations. 

110                                                H 

■         183, 212 

Interpeduncular  ganglion,   66            ^H 

p^^^i 

1^^^ 

^H               Intersegmental  tracts,  mean- 

Labyrinthine  impressiona,  cor» 

^m                         in?  of.  90 

roboration  of,  277 

^H               Intestine,  rhythmic  seg-menta- 

Labyrinthine  nystagmus,  296 

^m                         Hon  of,  168 

Labyrinthine  paths,  71 

^H               Intestines,  rhythmic  contrac- 

Labyrinthine phenomena, 

ts                           tions  of.  166 

mechanism  of.  274 

^H               Invertebrates,    sensory    celts 

Labyrinthine  receptors,  effect 

■                          of,  22 

of  cold  upon,  181 

^H               Irrigrating:  fluid,   temperature 

effect  of  hot    irrigations 

H                             of,  242,  243,  248 

on,  272 

^^^^         Irrigation,  balancing-  testa  be- 

effect  of  rotations,   aural 

^^H                   fore.  213 

irrigations,  and  galvan- 

^^^^              equivalents  of,  247-249 

ism  on,  273-287 

^^^^                onset  of,  240 

effects  of  thermic  irrita- 

^M              Irrigation  tests.  270 

tion  of.  219 

^H               Irrigations,  aura],  the  general 

irritation  of  the.  172.  248 

^M                         eflfecta  of,  207-219 

irritation    and     irregular 

^M                     cold,  effect  of,  233 

stimulation  of.  181 

^H                     cold  unilateral,  235 

Labyrinthine    tonus    mechan- 

^1                     cold  bilateral,  ?.% 

isms,  existence  of  bila- 

^H                    experiments  with  cool,  243 

teral,  125 

^H                      genera]  study  of,  251 

Lagena  of  lower  animals,  11 

^H                     immediate  effect   of    hot 

Lamina    cinerea,    description 

^H                         and  cold,  254 

of,  69 

^m                     of  the  left  ear,  239 

Lamina  spiralis  ossea,  position 

^m                     walking  after.  244 

of,  4 

^^M 

Laminse,    secondary  and    ter- 

^H              Jugular    foramen,    and    gan- 

tiary  of  cerebellum.  57 

^H                          glion  of  vagus.  33 

Langley,  post-gangl ionic  fibres 

^M               Jugular  vein,  blood  and  lymph 

of.  90 

^P                         passing  into  from  laby- 

Larynx,  extrinsic  muscles  of. 

^                           rinth.  38 

35 

Lateral  cochlear  nucleus,  14 

Katelectrotonus,  state  of,  280 

Lateral   fillet,  connections  of 

K  I  test  for  absorption,  186- 

the.  52.  53 

189.  236 

fibres  from  nucleus  of,  63 

Knee-jerks,     deviations      of, 

Lateral  geniculate  body,  con- 

from the  normal,  245 

nections  of  the,  52 

grey  nuclei  of.  62 

Labium  tympanicum,  13 

Lateral   horn   cells,   analogue 

Labyrinth,  anatomy  of,  3-11 

of.  44 

blood-supply  of  the.  37-39 

Lateral  occipital  lobe,  lesions 

bony,  diagram  of»  6 

of,  78 

bony,  division  of,  3,  5 

Lateral  root,  fibres  of,  in  man. 

vessels  of,  38 

70 

Labyrinthine  artery,   part  of 

Lateral  ventricle,  inferior  bom 

brain  system,  37 

of.  76 

Labyrinthine  balanced  mech- 

Lateral vestibular  nucleus,  18 

anisms,  294 

Legs,  sleepy  feeling  in.  244 

Labyrinthine  impressions,  as- 

Lemniscus,  connections  of  the. 

flociated  with  cerebellar 

49.  50 

function.  179 

Lemniscus  lateralis,  52,  53 

^^^^^^^^^^mDEX           ^^^^^5^^^B 

r        Lenticular  nuclei,  fibres  of,  63 

Medullary  circulation,  nature's              1 

^H    L^T  a  tores  pa  I  pebrarum ,  i  n  n  er- 

defence  against  failing,          ^^ 

^B              vation  of,  31 

132                                              ^M 

^"   Ligramenti  labyrintbi  canalicu- 

Medullary  fibres,  degeneration         ^^t 

f                  lorum,  7 

of.  107                                            1 

k Linirula,  rudimentary  folia  of. 

Medullary  lamina,  fibres  of,  62              J 

K             58 

Meissner's  corpuscles,  devel-         ^H 

^H  Lissauer.  constituents  of  zone 

opment  of,  84                            ^H 

H              of,  80 

Meissner's  plexuses,  cells  and          ^^ 

^H    Locomotion,  reflex  mechanism 

fibres  of,  165                                  J 

^              of,  91 

Meissner  and  Auerbach,  plex-          ^J 

Locomotor  ataxia,  effect  of  ir- 

uses of,  98                                 ^H 

rigations  in»  246 

Membranous    canals,    experi-         ^H 

Lump-sensation  in  the  stom- 

ments   of     Ewald    and         ^H 

ach,  268 

Breuer  on,  273                         ^H 

Lump-sensations  during^  rota- 

Membranous  labyrinth,  posi-         ^H 

tions,  170 

tion  of,  6                                   ^^M 

Luachka,  foramina  of,  59 

Memory,  loss  of,  78                           ^H 

Luys,  position  of  nucleus  of. 

of  printed  words,  centre         ^H 

67 

for,  78                                        ^H 

Mesencephalic    centres    in         ^H 

Maculae     aciisticas,    measure- 

fishes, 20                                   ^B 

ments  of,  9 

Mesencephalic  root,  descend-         ^H 

Maculae  of  the  utricle,   hairs 

ing,  29                                        ^M 

of.  11 

Mesencephalon,  in  fishes,  178         ^H 

Magendie,  foramen  of,  situa- 

tn lower  animals,  71                    ^^M 

tion  of,  59 

Mesenteric  nerves,  stimulation         ^H 

Mammifera,  otoliths  in,  128 

of,  173                                       ^M 

^_    Mammillary  nucleus,   connec- 

Mesial   fillet,    connections    of         ^^M 

^B              lions  of  the,  63-72 

the,  49.  50                                     ^M 

^B           fibres  to  the,  68 

Meynert,  commissure  of,  50             ^^M 

Mammillo-teg-mental  tract,  fi- 

fasciculus  retrofiexus  of^         ^H 

bres  of,  69 

origin  of,  65                             ^H 

Mammillo- thalamic  tract,  68 

Middle    cerebellar    peduncle*         ^^M 

fibres  in.  63 

contents  of,  46                         ^H 

Maasa    intermedia,    constitu- 

Middle  peduncle,  efferent  cere-         ^H 

entfi  of,  62 

bellar  tracts  through         ^^| 

Mechanisms,  balanced,  329 

the,  96                                       ^M 

Median  geniculate  bodies,  fi- 

paths through  the.  95                 ^H 

bres  from,  54 

Migraine  and   the    cerebellar         ^H 

Median  irenicialate  bodies,  con- 

mechanisms, 336                      ^H 

nections  of  the,  54 

Modiolus,  central  canal  of  the»         ^H 

Median  j?eniculate  body,  neu- 

^B 

rones  of  the,  16 

Monakow's  tract,  fibres  of,  86         ^^M 

^    Median  sa^^ittal  bundle  of  su- 

Monkey,  pupil  constriction  in         ^^M 

^H              perior  medullary  velum. 

the,    from    the   angular         ^^M 

H              59 

gyms,  113                                 ^H 

F»        Median  vestibular  nucleus,  18 

stimulation  of  various         ^H 

i          Medulla,  blood-supply  by  ver- 

parts  of  cerebellum  of         ^H 

^^L              tebral  arteries,  38 

the,  290                                    ^M 

^H   Medulla  oblonsrata,  27 

Monkeys,  division  of  the  in-         ^H 

^H         blood-supply  of,  38 

t^mal  rectus  of,  316               ^H 

548 


INDEX 


Morphin,  effects  of,  in  rota- 
tions, 136 
nausea  caused  by,  178 

MotiJity,  testa  for,  189 

Motor  nerves,  influence  of 
auditory  impulses  on,  15 

Motor  neurones,  influence  of 
psychic  impressions 
over,  179 

Motor  writing"  centre,  exist- 
ence of,  78 

Mucous  membrane,  decoctions 
and  extracts  of  the  py- 
loric, 171 
effect  of  extracts  made 
from  various  portions 
of.  186 

Mucus,  excessive  amounts  of, 
176 

Muscle  spindles,  fibres  of,  85 

Muscles  of  the  body,  tonus  of, 
93 

Muscles  of  the  face,  motor  in- 
nervation of,  31 

Muscles  of  the  pharynx,  motor 
fibres  of.  32 

Muscular  apparatus  of  the 
eyeball,  203 

Muscular  contractions,  jerky 
irregularities  in,  247 

Myelin  sheath,  first  appear- 
ance of,  72 

Nausea  and  vomiting,  mech- 
anism of,  132 
phenomena  of,  177,  182 

Nausea,   caused  by  morphin, 
178 
orig-in  of  feeling'  of,  178 

Near  vision,  fixation  for,  252, 
255 

Nerve  centres,  rhythmic  ac- 
tivity of.  257 

Nerve  deafness,  246 

aural  irrig-ations  a  possible 
aid  in  the  treatment  of* 
249 

Nerve  deg"eneration,  danger 
of,  247 

Nerve  elements,  degeneration 
of,  110 

Nerve  fibres^  orig-in  of,  13 


Nerve  roots,  T-bi furcation  of 
the  posterior,  80 

Nerve*  the  eighth,  description 
of,  12 

Nervous  dyspepsias,  origin  of, 
167 

Nervous  system,  intimate 
functional  relations  of 
the  various  parts  of.  122 

Nervus  erigena,  sympathetic 
fibres  of.  102 

Neuro-epithelial  cells,  13 

Neuro-epithelium,  intimate  re- 
lation of  nerve  filaments 
to.  17 

Neuro-vascular  mechanisms, 
exhaustion  of  the,  136 

Ninth  nerve,  motor  portion  of, 
32 
root  fibres  of,  33 

Nitroglycerin,  effect  of,  in  ro- 
tations, 135 

Nociceptive  reflexes,  121 

Nociceptors,  definition  of,  120 

Nose  and  mouth,  nerves  for 
glands  and  blood-vessels 
of  mucous  membrane  of, 
101 

Nucleo-cerebellar  tract,  con- 
stituents of,  19 

Nucleus    ambiguus,    fibres 
from,  35 
IKJsition  of,  32 

Nucleus  cuneatus,  fibres  from, 
49 

Nucleus  dentatus,  fibres  of,  43 
atrophy  of.  43 

Nucleus  fastigii.  axones  of.  58 
end  of,  44 

Nucleus  gracilis,  fibres  from, 
49 

Nucleus  lateralis,  cells  of,  44 

Nucleus  lemnisci  lateralis,  16 

Nucleus  masticatorius,  28 

Nucleus  olivarius  superior,  14 

Nucleus  ponds,  fibres  from,  57 

Nucleus  ruber,  connections  of 
the,  60-^ 

Nucleus     Tegmenti,     connec- 
tions of  the,  60-62 

Nucleus  trapezoideus,  cells  of. 
56 
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Nucleus  trapezoideus,  constit- 

Ocular centre,  blood-supply  of,           ^H 

uents  of,  14 

39                                                 ^B 

Nucleus  ventralis,  position  of, 

Ocular  and  cerebellar  centres,            ^^M 

32 

blood-supply  of,  38                    ^H 

Nystagrmua,   apparent    move- 

0 cul  ar  movemen  ts  and  nystag-            ^^M 

ment  of  objects  in  hori- 

mus,  315-330                               ^H 

K           zontal.  200 

Ocular  movements,  association            ^H 

^B       cause  of,  in  aura)  irrig^a- 

of,  113                                          ^M 

■           tions,  ^3,  295 

location  of  centres  for  re-            ^H 

H       cerebellar     differentiated 

flex,  260                                     '^M 

^1           from  labyrinthine,  334 

Ocular    muscles,   associations            ^H 

^1        due  to  rotation,  197 

of,  285                                           ^M 

^B       from  erysipelas  over  mas 

innervation  of,  39                           ^^M 

H           toid  area,  333 

summary  of  the  relations            ^H 

^B       general  effect  of  a  mixed 

of,  284-287                                   ^M 

^B           horizontal    and    rotary. 

Ocular  nystagmus,  296                         ^H 

■          263 

Oculo-motor  centres,  20                       ^H 

^       horizontal,  195,  278,  295 

Oculo-motor  fibres,  origin  of.            ^H 

\            In  an i male,  329 

24                                                   ^M 

^^       in   rotations,    coordinated 

decussation  of,  24                          ^H 

^m           movements  of,  304 

Oculo-motor  nuclei,   relations            ^H 

■       labyrinthine,  296 
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bres of,  66 
Third  nerve,  fibres  of,  107 

nucleus  of,  22 
Third    nucleus,    grouping    of 
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Vagus,    preganglionic     fibres 
of,  101 
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Abdominal    blood,     flow    of. 
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toward     the    heart    in 
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vomitingr^  388 
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seasickness.  344 
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Books  from  ship*s  Itbraiy* 
danger  of  inf ectioii 
from,  517 

BrotK  ottlinary.  efficient  in 
seasickiiesa,  420 

Cabin,  bad  effects  of  a  hot. 

stuffy.  382 
Tentilatioti   and  tempera- 
tare  of  the,  in  aeasidE- 
Dees,  418 

Caledonia,  steamship,  obser- 
vations of  seasick  sub- 
jects on.  345-347,  432^453 

Cardio-vascular  mechanism, 
action  of  alcohol  upon, 
358,  359 

Caisickness,  labyrinthine  de- 
fects in,  492 
the  result  of  fear,  492 

Cascara  sagrada  in  seasick- 
ness, 348 

Casta! et,  D'Ailhaud.  theory  of 
seasickness.  480 

Cato  the  Elder  on  seasickness, 
478 

Cerebellar  exhaustion  in  sea- 
sickness, 506 

Cerebellum,  exhausting  effect 
of  interference  with,  604 

Chapman's  theory  of  seasick- 
ness, 479 

Children  immune  from  sea- 
BicknesB,  508 

Circulation,  changes  in,  at  sea, 
340 
disturbances  of,  as  cause 

of  seasickness.  493 
effect  on,  while  travelling 

on  a  moving  train,  365 
slow    recovery    of,    after 
seasickness.  357 

Circulatory  mechanism,  neces- 
sity for  study  of,  in  hy- 
drotherapy, 383    " 

Circulatory  and  gastric  dis- 
turbances in  seasick- 
ness, 487 

Cocain,  use  of,  contraindi* 
cated,  519 

Cold  air,  good  effect  of,  pn  the 
circulation,  381 


Coid  bat!iiiie.  418 

e^eeta  of.  on    the 
motor  mechanlain,  3S2» 
955 

tonic  hyperemia  after,  383 
Colds  at  sea.  516 
C(»nmunicab]e  disease. 

of,  in  crowded 

516         

SttMBS.    not 
of  seasickness. 
Constipation,  relief  of.  522 
Convalescents,  fallacy  of; 

ing  them  to  sea,  512 
Cornelius's  theory  of  seasick^ 

ness,  482 
Coming's   treatment  of   sea- 
sickness, 483 
Cygne,     steamship*     observe 

tions  of  seasick  subjecl 

on,  367.  368 

Dancer,  a  professional,  a  vi< 
tim  of  seasickness,  489 

Damairs  theory  of  seasick- 
ness, 481 

Darwin,  Erasmus,  theory  of 
seasickness  by.  478 

Deaf-mutes»   immunity  of,  to 
galvanism,  487 
immunity  of.  to  rotation 
sickness,  503 

Deaf  persons  immune  from 
seasickness.  502 

DeVries's  theory  of  seasick- 
ness, 481 

Digestion,  phenomena  of  dis- 
turbed, 350 

Digestive  disturbances  in  sea- 
sickness, 344,  417,  418, 
494 

Disordered  circulation,  a  sec- 
ondap'  source  of  irrita- 
tion in  seasickness.  522 

Dolor  cerebri,  indescribable 
sickening  feeling,  360, 
377,  388,  401 

English  Channel,  its  reputa- 
tion for  causing  seasick- 
ness, 3^ 


^B^^^                        INDEX                                  568             ] 

Equilibrmm,    reflex    disturb- 
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Hazen  's  theory  of  seasickness^         ^H 
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Heart,  strain  on  the,  in  sea-         ^H 
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Hints  to  seagoing  travellers,         ^H 

^V              afferent  impulses.  490 
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^H         relation  of  the,  to  the  op- 

of,  497 

^V             tic  thalamus^  507 

Homnonea,  a  decided  help  in 

treating  severe  seasick- 

Features of  seasickness^  coiii< 

ness,  522 

mon,  347 

Hospital    facilities    on    board 

Fehling's  soJution  as  a  test, 

ship  generally  poor,  515 

for  sugar,  etc.,  352 

Hot  weather,  effect  of,  on  sea- 

Flasschoen's   theory    of    sea- 

sickness, 488 

sickness,  4M 

Hydrotherapy,  cold  procedures 

in,  and  the   circulatory        ^^| 
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Gastric  contents,  analysis  of. 
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Gastric  function^  failure  and 
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Gastric  Juice,    enhancingr  the 

409                                             ^H 

flow  of,  421 
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Gastric  mucous  membrane,  de- 
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^H              coctions  of,  an  aid  to  ab- 

420                                                   1 

^B              sorption,  421 

Hypnotism,    limited   field    of             J 

^^    Gastric  secretin  inert  in  sea- 

usefulness    in    seasick*        ^h 

1                    sickness.  420 
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1          Gastric  secretion,   failure  of 

^ 

1                     normal,  406,  407 
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the  etiology  of  seasick- 
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1                    stimulation  of,  by  atro- 

Intermediate  extract,  407,  420 
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^              479 

Irritation,    testing    prolonged 

r         Guillabert's  theory  of  seasick- 

effects  of  mild,  in  aea^ 

1                    ness,  479 
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1                    ffested  in  preventing 
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Jobert*s  theory  of  seasickneeSp 
479 

K  I  absorption  teats,  342-409 

Kinaesthetic  sense,  explana« 
tion  of  term,  506 

Klein's  theory  of  seasickness, 
481 

Koepke*s  theory  of  seasick- 
ness. 483 

Kramer's  theory  of  seasick- 
ness, 480 

Kreidl'a  onychoacope,  482 

Labyrinth, concussion  of  mech- 
anisms of  the,  in  boxing, 
493 

Labyrinthine  receptors,  vary- 
ing sensitiveness  of,  356 

Lady  Wolseley,  steamahip,  ob- 
servations on  s  e  a  s  i  c  k 
subjects  on,  417,  456-461 

Literature  of  seasickness,  47&' 
485 

Localization  theory:of  seasick- 
ness, the,  485 

Loma  Doone,  steamship,  ob- 
servations on  seasick 
subjects  on,  378 

Lump-sen ea tion  in  stomach  in 
seasick  patientSj  340-401 

Maggie,  motor  launch,  obser- 
vations on  subjects  for 
seasickness  on  board  of, 
343,  430,  431 

Maillet's  theory  of  seasick- 
ness,  485 

Medical  colleges  should  give 
special  instruction  for 
treating  seasickness,  515 

Medullary  centres,  prolonged 
constant  irritation  of, 
at  sea,  355 

Nelken*3  theory  of  seasick- 
ness, 479 

Nervous  and  muscular  sys- 
tems, tension  on,  in  sea- 
sickness, 504 

Nervous  centres,  exhaustion 
of,  characteristic  of  sea- 
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ness. 482 

Phenomena,  characteristic,  of 
seasickness,  344,  345 

Physicians,  grave  responsibil- 
ity of,  in  sending  pa- 
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sickness, 486,  487 

Psychic  theory  of  seasickness^ 
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U-tubes,  system  of,  to  prevent 
seasickness,  524 

Van  Trostenburgr's  theory  of 

seasickness,  485 
Vaso-motor  exhaustion,  result 

of,  351 
Vaso-motor  mechanism,  activ- 
ity of,  340 
lethargy  of,  362 
Vaso-motor   system,    exhaus- 
tion and  recovery  of,  354 
influence  of  cold  weather 

on  the,  348 
interesting:  feature  in  the 
physiolog:y  of  the,  362 
Vertig:o,  causation  of,  506 


Vestibular  terminals,  degener- 
ation of,  489 

Vestibulo-cerebellar  balanced 
mechanisms,  disturbance 
of,  364 

Vestibulo-cerebellar  mechan- 
isms, 497 

Victims  of  seasickness  may 
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